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Remarks 

Claims 12-17 and 38-52 were previously pending in this application. Claim 12 has been 
amended. Support for this amendment can be found in the specification at least on page 35 lines 20- 
22 and page 41 lines 31-33. No claims have been cancelled. Claims 12-17 and 38-52 are now 
pending with claim 12 being an independent claim. Claims 12-17, 38-40, 42, 44, 45, 47, 48 and 52 
are currently under review, with the remaining pending claims being presently withdrawn as drawn 
to non-elected species. 

No new matter has been added. 

Restriction Requirement 

Claims 41, 43, 46 and 49-51 are currently withdrawn based on a species election. Upon 
allowability of the generic claim (i.e., claim 12), examination of the withdrawn claims is requested. 

Rejection under 35 U.S.C, $112, second paragraph 

Claims 12-17, 38-40, 42, 44, 45, 47, 48 and 52 are rejected under 35 U.S.C. § 1 12, second 
paragraph, as being indefinite. The basis of the rejection is unclear. Nevertheless Applicant has 
amended claim 12 to recite "treating or preventing an asthmatic event" in "hypo-responsive subjects 
having allergic asthma". Reconsideration and withdrawal of the rejection is respectfully requested. 

Rejection under 35 U.S.C. §112, first paragraph, written description 

Claims 12-17, 38-40, 42, 44, 45, 47, 48 and 52 are rejected under 35 U.S.C. § 1 12, first 
paragraph, as failing to comply with the written description requirement. The Examiner states that 
the term "allergic asthmatic event" does not have support in the specification. Claim 12 has been 
amended to recite "asthmatic event" in reference to an event that is experienced by a subject. The 
claim also recites that the subject to be treated is a hypo-responsive subject having allergic asthma. 
Support for asthmatic event can be found throughout the specification including but not limited to 
page 41 lines 31-33. Reconsideration and withdrawal of the rejection is respectfially requested. 
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Rejection under 35 U.S.C. §112, first paragraph, enablement 

Claims 12-17, 38-40, 42, 44, 45, 47, 48 and 52 are rejected under 35 U.S.C. § 1 12, first 
paragraph, as failing to comply with the enablement requirement. 

Applicant has previously presented a full Wands analysis relating to the enablement of the 
pending claims. Applicant will not re-iterate that analysis, but will instead rebut the issues raised by 
the Examiner in the instant Office Action. 

The Examiner bases her rejection on unpredictability in the art, an insufficient disclosure in 
the specification, and a lack of working examples particularly in human subjects. The Examiner 
attributes unpredictability in the art to a lack of understanding of the mechanism by which CpG 
immunostimulatory nucleic acids function and uncertainty regarding the safety of the claimed 
method. Applicants respectfully traverse. 

Respectfully the mechanism by which an invention works, the safety of the claimed method, 
and human clinical trial data are not requirements for enablement of a claimed invention. Neither 
the Patent Office nor the courts require an understanding of the mechanism underlying a claimed 
invention. Newman v. Quigg . 877 F.2d 1575, 1581 (Fed. Cir. 1989). Notwithstanding this, it is 
known that CpG nucleic acids function by binding to Toll-like receptor (TLR) 9 within cells, and 
that the signaling cascade resulting from this receptor binding leads to induction of a Thl response 
and suppression of a Th2 response, effects which are beneficial to the treatment of Th2-mediated 
disorders such as allergy and asthma. 

Similarly the Patent Office and the courts have never required a showing of safety relating to 
a claimed method of treatment. (See MPEP 2164.01(c) which states "The applicant need not 
demonstrate that the invention is completely safe.") The determination of whether a treatment 
method is safe in humans is within the purview of the FDA, not the Patent Office. In re Brana . 51 
F.3d 1560 (Fed. Cir. 1995). This determination can only be made via lengthy and costly human 
clinical trials that are far more likely to be conducted if patent rights relating to the methods are, or 
are being, secured. Notwithstanding this. Applicant previously cited several phase I and 11 studies 
using CpG nucleic acids. These studies demonstrate that CpG nucleic acids are well tolerated in 
human subjects. (Creticos et al. J Allergy Clin. Immunol. 109(4), 742-743. 2002; Simons et al. J 
Allergy Clin Immunol 1 13, 1 144-1 151 (2004); Krieg et al. J Immunother. 27, 460-471 (2004); 
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Cooper et al. J Clin. Immunol 24, 693-702 (2004); Halperin et al. Vaccine 21, 2461-2467 (2003); 
Siegrist et al, Vaccine 23, 615-622 (2004); Cooper et al. Vaccine 22, 3136-3143 (2004); Speiser et 
al. J Clin. Invest 115, 739-746 (2005); van Ojik et al. Ann. Oncol. 13, 157. 2003. All of these 
references are submitted herewith for the Examiner's consideration.) These studies should therefore 
rebut the Examiner's concern that CpG administration in human subjects would be unsafe. 

Should the Examiner take issue with the post-filing nature of these references, Applicant 
stresses that these references are as valid and must be given as much weight as any post-filing 
reference cited by the Examiner to support her position of unpredictability in the art. The Examiner 
carmot pick and choose which references are relevant to the issue of predictability in the art. Rather, 
she must consider these references in their totality, and in doing so consider what one of ordinary 
skill in the art would take away from these references as a whole. 

Furthermore Applicant is not relying on these references to enable the claimed method, but 
rather to show that CpG administration in humans is safe. They are intended to rebut the 
Examiner's concern regarding safety. As stated above, the nature of human clinical trials virtually 
prevents an applicant from having such data prior to beginning the patent process and thus the only 
reports of such trial data are almost always available post-filing. 

To be clear. Applicant continues to maintain that the references cited by the Examiner, 
whether pre- or post-filing, do not support her position that the art is unpredictable. Applicant refers 
the Examiner to the prior response which dealt v^th each of the cited references in detail. In 
particular, the Examiner's attention is drawn to Krieg et al. 2000 Immunol Today 21:521-526 which 
teaches that "CpG DNA is effective in asthma immunotherapy even when given as a stand-alone 
without allergen ..." Moreover, when taken together with the references provided herewith, such 
references can reasonably be read as predicting the utility of CpG nucleic acids in immune induction 
in humans. 

The Examiner further considers that the disclosure provided by the specification is 
insufficient since practice of the invention "would require de novo determination of accessible 
target sites, modes of delivery and formulations of CpG to target appropriate cells and/or tissues". 
The claimed method relates to the treatment of subjects having allergic asthma which is a form of 
asthma. Asthma is a condition that affects the airways, and thus the target site, mode of delivery 
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and CpG formulation would be similar if not identical to other uses of CpG for airway related 
conditions. There is therefore no requirement for "de novo determination" of these elements, since 
the condition is known, and products and methods for treating the condition have been previously 
contemplated (see for example the asthma/allergy medicaments listed in the specification on pages 
48-57). Most if not all of these products are administered to the airways. The Examiner 
acknowledges that the specification teaches airway administration (see page 1 1 of the Office 
Action), however she challenges such teachings as being prophetic. The Patent Office allows 
prophetic examples, as the Examiner should be well aware. In addition, whether prophetic or not, 
one of ordinary skill would not question the use of airway administration and related formulations 
for the treatment of an airway-mediated condition. The amount of disclosure provided by the 
specification is more than sufficient, particularly in view of the high level of skill in the art, as stated 
in the prior response. 

Finally, Applicant has amended claim 12 to recite nucleic acids that are 8-100 nucleotides in 
length. Accordingly, the Examiner's reliance on McCluskie et al. Mol Med. 1999 5:287-300 is no 
longer applicable since the reference relates to DNA vaccination which uses nucleic acids such as 
plasmids or nucleic acids vectors which encode antigens. 

The Wands analysis of the claimed invention therefore amounts to a lack of working 
examples. Applicant however reiterates that a lack of working examples alone is not dispositive of 
enablement. This is especially so where, as in this case, the Examiner appears to require nothing 
less than human clinical trial data to establish safety and ufility. This is an unreasonable burden to 
place on any Applicant, and it is not supported by the case law. 

In summary, Applicant maintains that the art of CpG immunotherapy, including CpG 
immunotherapy in the context of airway disorders, was predictable at the time of filing, and that the 
specification provided sufficient guidance for one of ordinary skill in the art to practice the 
invention. The Examiner is referred to the previous filed response for a discussion of the other 
Wands factors, all of which when taken in their totality establish enablement of the claimed 
invention at the time of filing. 

Reconsideration and withdrawal of the rejection under 35 U.S.C. §1 12 is respectfully 
requested. 
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Conclusion 

A Notice of Allowance is respectfully requested. If this response is not considered timely 
filed and if a request for an extension of time is otherwise absent, Applicant hereby requests any 
necessary extension of time. If there is a fee occasioned by this response, including an extension fee, 
that is not covered by an enclosed check, please charge any deficiency to Deposit Account No. 
23/2825. 

Dated: October 27, 2006 Respectfully submitted, 

Maria A. Trevisan 

Registration No.: 48,207 

WOLF, GREENFIELD & SACKS, P.C. 

Federal Reserve Plaza 

600 Atlantic Avenue 

Boston, Massachusetts 02210-2206 

(617) 646-8000 
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Allergen immunotherapy, first introduced in the early part of the twentieth 
century, remains a cornerstone of the practicing allergists' approach to the 
treatment of allergic respiratory diseases. It is compnsed of a th-ne-honored 
approach that aims to modulate the immune response and attenuate or eliminate 
symptoms through administration of increasing doses of an extract that is 
comprised of the aeroallergens to which the patient is allergic. Controlled clinical 
trials have demonstrated therapeutic efficacy and detailed the favorable im- 
munologic changes associated with allergen immunotherapy for allergic rhinitis, 
asthma, and venom sensitivity [1-7]. 

Despite its success, conventional immunotherapy is saddled with a number of 
encumbrances. Impediments include the need for frequent dosing over years, 
which impacts patient compliance; the need to administer a relatively large dose 
of the immunizing agent to achieve control of symptoms; and the potential for 
clinically significant allergic reactions to the treatment. Considerable effort has 
been devoted to developing improved therapeutic vaccines for allergic diseases 
to: (1) improve efficacy, (2) decrease the time required to achieve effect, (3) re- 
duce inconvenience and improve compliance with immunization regimens, and 
(4) enhance safety. 

Recognizing that allergen dose is limited by the potential for systemic re- 
actions to the respective allergens, efforts largely have been directed at decreasing 
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the allergenicity (ie, the potential for inducing an allergic reaction) of the 
immunizing antigens while preserving their immunogenicity (ie, the ability to 
induce a beneficial immunologic response). Although various chemical modi- 
fications of allergens have been attempted over the past several decades, the end 
result has been that allergenicity and immunogenicity decreased or increased in 
tandem, resulting in no improved risk-benefit ratio. 

An allergenic vaccine that could reduce allergenicity, maintain immunoge- 
nicity, and be given in a few doses would have important therapeutic impli- 
cations, as millions of patients with poorly controlled allergic rhinitis and asthma 
would be candidates for such a form of immunomodulation. 

This article addresses a specific adjuvant approach to immunotherapy in which 
highly active immunostimulatory phosphorothioate oligodeoxyribonucleotide 
(ISS-ODN) moieties are linked to the principal allergenic moiety of a relevant 
aeroallergen (eg, ragweed Amb a 1) [8,9], This adjuvant approach may prove to 
be highly effective at directing the immune response toward a more favorable 
T helper cell type 1 (Thl) phenotypic expression to counterbalance the untoward 
Th2-driven proinflammatory allergic process. 

The allergic diathesis 

To develop improved materials for immunotherapy, it is important to recognize 
the pathophysiology that underpins the allergic diathesis. On allergen exposure, 
susceptible individuals develop acute allergic responses that are indicative of IgE- 
dependent mast cell activation, which results in the release of preformed chemicals 
(histamine, various enzymes), newly generated inflammatory mediators of the 
arachidonic acid pathway (leukotrienes, prostaglandins), and cytokine molecules 
[10-12]. Tangential to this IgE-mediated allergic reaction, allergen also is pro- 
cessed by antigen-presenting cells that are displayed in association with class II 
human leukocyte antigen molecules and presented to T-lymphocytes. If appro- 
priate, co-stimulatory signals are induced, resulting in T-cell activation, induction 
of Th2 cell development, recruitment to the site of allergic inflammation, and 
subsequent elaboration of proinflammatory cytokines (eg, interleukin 4 [IL-4], 
IL-5, IL-13) [13-16]. These cytokines help to amplify and sustain the overall 
response by regulating IgE synthesis, eosinophil survival, eosinophil migration, 
and mucus production, resulting in airway inflammation. The identification of 
transcription factors controlling Thl and Th2 development further support this 
overall hypothesis, in that GATA3 (Th2 -associated) is overexpressed in the 
asthmatic airway, whereas T-bet (Thl -associated) is underexpressed [17,18]. 

Mechanism of conventional immunotherapy 

The authors' allergy group at Johns Hopkins took an early lead in examining 
the mechanisms by which allergen immunotherapy affects clinical improvement 
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in patients with allergic disease. These studies demonstrated that immunization 
initially resulted in production of IgG and IgE antibodies by antigen-specific 
B cells. With continuing immunotherapy, IgG levels further increased and 
plateaued, whereas antigen-specific IgE titers gradually declined toward pretreat- 
ment levels and were not boosted by subsequent environmental exposure to the 
allergen [19-22]. In conventional immunotherapy, induction of IgG antibodies is 
a predictor of clinical success, albeit clinical benefit is not likely to be achieved 
until the immunizing doses are large enough to risk anaphylaxis. 

Various challenge models have been used as tools with which to evaluate the 
effects of immunotherapy. Specific nasal allergen provocation and nasal biopsy 
studies of patients with pollen sensitivity have been used to demonstrate that 
immunotherapy shifts the Th2-Thl paradigm. Patients who successfully were 
immunized demonstrated attenuation of the acute challenge response (less in- 
flammatory mediator release in nasal secrefions) and an abrogation of the late- 
phase allergic reaction (decreased eosinophil and basophil migration and 
mediator release) [23-26]. Nasal biopsies of patients with rhinifis who were im- 
munized against grass pollen and subsequently underwent challenge with grass 
pollen extract showed a significant increase in mRNA for specific Thl cytokines 
(interferon ^ [IFN-^^], IL-12) and a significant reduction in allergen-induced 
accumulation of total numbers of CD4^ T cells and eosinophils in the nasal mu- 
cosa. These techniques have resulted in little down-regulation in the expression 
of cytokines that are hallmarks of Th2 responses (eg, IL-4, IL-5) [27-30]. 




Fig. 1. AIC showing four molecules of ISS linked to purified ragweed Amb a 1. 
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Tangential to these obsen^ations, Secrist et al [31] cultured peripheral blood 
mononuclear cells from allergic patients receiving maintenance grass-pollen 
immunotherapy and demonstrated a significant decrease in allergen-induced IL-4 
synthesis when these cells were exposed to allergen in vitro. 

These collective studies demonstrate that immunotherapy has the potential to 
down-regulate the immediate-phase allergic reaction and T-cell-mediated late- 
phase responses; however, allergen dose is limited by the potential for severe 
systemic reactions in sensitized patients. At issue is the ability to administer 
a dose that is large enough to induce the desired therapeutic changes without 
causing intolerable allergic side effects. Raz et al [8] developed a novel 
immunostimulatory DNA constnict termed AIC (Dynavax Technologies). This 
experimental vaccine is comprised of specific immunostimulatory oligdeoxyr- 
ibonucleotide sequences (ISSs) that are conjugated to the principal allergenic 
moiety of ragweed (Amb a 1; Fig. 1). AIC has been shown to induce an 
enhanced, ragweed-specific, Thl-type response in mice, compared with Amb a I 
alone or Amb a 1 plus alum [32]. 

Background for adjuvant approaches 

Various molecules, including lipopolysaccharides, aluminum hydroxide salts, 
and Freund's adjuvant, have been shown to possess immunostimulatory pro- 
perties that can enhance the response to antigen. Various research laboratories 
have attempted to capitalize on this observation to improve a vaccine's immuno- 
genicity through an enhanced adjuvant effect. In their study of the active 
components of Freund's adjuvant, Tokunaga et al [33-35] made the initial 
discovery of the adjuvant effect of bacterial DNA. Krieg et al [36] identified 
unmethylated CG dinucleotides, termed CpG motifs, as the moieties responsible 
for the immunostimulatory effect of bacterial DNA. These immunostimulatory 
properties are unique to certain bacterial DNAs and are absent in vertebrate DNA. 
This uniqueness is caused by the higher frequency of unmethylated CpG motifs 
in bacterial DNA as contrasted to vertebrate DNA. Without these differences, the 
immunostimulatory activity would be abolished [34,37,38]. 

The effects of bacterial DNAs can be mimicked using synthetic oligodeoxy- 
ribonucleotides (ODN), allowing a more accurate definition of the bacterial DNA 
immunostimulatory sequences (Box 1). Early research studies identified optimal 
ISSs containing palindromic hexamers based on the general formula of 5'-purine- 
purine-CG-pyrimidine-pyrimidine-3' (eg, 5'-GACGTC-3', 5'-AGCGCT-3', 
5'-AACGTT-3') [36]. More recent work has extended this finding to the 
identification of different classes of CpG ODN based on their ability to 
preferentially activate plasmacytoid dendritic cells (PDCs), natural killer (NK) 
cells, or B cells. CpG-A ODN contains phosphodiester backbones and is effective 
at inducing interferon a production from PDCs and activating NK cells. CpG-B 
ODN possesses phosphorothioate backbones that enhance B-cell proliferation 
and immunoglobulin production, but is less capable of activating PDCs and NK 
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Box 1 . Synthetic oligodeoxyribonucleotide immunostimulatory 
sequences 

Believed to be taken up by professional antigen-presenting cells 

(macrophages, dendritic cells) 
Resulting in secretion of specific co-stimulatory factors (IL-12, 

IL-18, TNF-a, IFN-a, IFN-P) 
Activating a variety of immune effector cells (T cells, NK cells) 

and driving the adaptive immune response toward a Th1 

phenotype 

Inducing a potent humoral adjuvant effect 
Enhanced immunostimulatory activity observed if ISS is coupled 
to allergen (AlC) 



cells [39,40]. CpG-C represents a new class of ODN, possesses characteristics of 
the A and B classes, and is capable of activating B cells and PDCs [41,42], 



Immunostimulatory oligodeoxyribonucleotide sequences induce Thl-type 
response and inhibit Th2-type immune response 

Research has shown that CpG acts through toll-like receptor (TLR) 9 [43], The 
association of CpG with TLR9 occurs intracellularly within lysomes [44]; this 
interaction induces signals through the myeloid differentiation factor 88 pathway, 
eventually activating nuclear factor kB (NF-kB), much like what has been de- 
scribed for other TLRl ligand interactions [45]. TLR9 was found to be expressed 
predominantly on human PDCs, basophils, and B cells, although some cell types 
have yet to be tested [46,47]. CpG-A ODN strongly stimulates PDCs to produce 
high amounts of IFN-a and IL-12, which activate IFN-^producing NK cells 
and ^6 T cells that drive immune cells toward Thl responses (Fig. 2) [40,48-5 1]. 

Low concentrations of CpG ODN lead to an increase in B-cell proliferation, 
antigen-specific immunoglobulin secretion, and IL-6 production [36,52]. Ex- 
posure of tonsilar B cells to CpG ODN induces a concentration- and time- 
dependent up-regulation of the activation markers CD23, CD25, CD40, CD54, 
CD80, CD86, and HLA-DR, and counteracts IgE production induced by IL-4 
[53], CpG directly induces T-bet expression and inhibits IgGl and IgE switching 
in B cells, which is induced by IL-4 and CD40 signaling [54]. In murine models, 
pre-administration of CpG ODN in vivo prevented allergen-induced Th2 
responses, including IL-5 production, eosinophilic airway inflammadon, airway 
hyper-reactivity, and chronic aiway remodeling [55-59]. 

CpG, or ISS-ODN, seems to stimulate the innate immune system to produce 
cytokines that drive the adaptive immune system toward a Thl-type immune 
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Fig. 2. The effects of CpG ODN on the human immune system. B, B cell; Bas, basophil; CTL, 
cytotoxic T lymphocyte; Eos, eosinophil; MDC, monocyte-derived dendritic cell; MHC, major histo- 
compatibility complex; NK, natural killer cell; PDC, plasmacytoid dendritic cell; TCR, Tcell receptor. 

response and inhibit Th2-type responses. This finding suggests a potential 
clinical use for CpG in the immunotherapy of allergic diseases. 

Effects of CpG -based vaccines on immune response 

Conjugation of allergen with ISS-ODN (AIC) was developed because it was 
believed that AIC may be more immunogenic and less allergenic than a simple 
cocktail of allergen mixed with ISS-ODN [8]. The immunomodulatory effect of 
direct linkage versus conjugation of allergen with ISS is demonstrated in Fig. 3. 
This graph shows that in a murine animal model, immunization with a conjugate 
of Amb a 1 and 1018 ISS (AIC) promoted IgG2a antibody production that is 
significantly greater than that observed with allergen mixed with ISS, allergen 
plus alum, or allergen alone. An inhibition of IgE production has been a corol- 
lary finding to this protective IgG antibody response. These observations are 
particularly relevant, considering that the murine-model IgG2a is a marker of 
induction of a Thl response, whereas IgE production is induced through Th2 
mechanisms. These reciprocal IgG and IgE antibody responses are similarly 
reproducible in previously sensitized and not simply naive animals [8,32], This 
factor offers the opportunity to use this approach as prophylactic intervention and 
a therapeutic construct in sensitized individuals who are in the midst of an 
allergic diathesis. 
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Fig. 3. IgG2a aati-Amb a 1 response in mice. Effect of immunization with AIC [solid bar) versus 
Amb a 1 alone {shaded bar) on IgG2a antibody production. Assays obtained pre-immunization, post- 
immunization (after the first and second vaccinations), and after chalienge. Not shoviTi are allergen 
mixed with fSS or allergen plus alum. {Adapted from Creticos PS. New methods in asthma and 
allergic rhinitis. Advanced Studies in Medicine 2002;2:273; with permission.) 

AIC use results in the preferential induction of naive CD4^ T cells, resulting 
in the differentiation toward a Thl phenotypic profile. The corollary to this 
observation of a down-regulation in Th2-mediated responses to allergen (eg, 
IL-4, IL-5) is believed to be the result of dendritic cell (DC), macrophage or 
monocytic activation, and production of cytokines (IL-12, IL-18, IFN-a, IFN-|3), 
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Fig. 4. In mice, effect of immunization on up-regulation of IFN--^: AIC versus Amb a I -ISS mixes 
versus Amb a 1 alone. {Adapted from Creticos PS. New methods in asthma and allergic rhinitis. 
Advanced Studies in Medicine 2002;2:273; with permission.) 
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with constituent effects on priming for Thl development that results in increased 
IFN-^ on activation [8,9,32]. In a murine model, AIC immunization resulted in 
the specific up-regulation of IFN-'-f (Thl profile), which contrasts the Th2 
cytokine dysregulation that otherwise would be observed from immunization 
with allergen alone, allergen plus alum, or allergen mixed with ISS but not linked 
to this specific adjuvant (Fig. 4). Marshall et al [9] observed similar results in in 
vitro studies of peripheral blood mononuclear cells that were obtained from 
human subjects with ragweed allergy. This research demonstrates that cells 
exposed to AIC produced significant levels of JFl^-^ and had diminished 
production of IL-4 and IL-5. 




Fig. 5. Effect of AIC on allergen challenge before the ragweed season. The number of major basic 
protein (MBP)-positive cells (A), IL-5 mRNA-positive cells (5), IL-4 mRNA-positive cells (C), 
and IFN-7 mRNA-positive cells (O) at baseline (B) and after nasal allergen challenge with ragweed 
extract (A) in ragweed-sensitive patients 2 weeks after treatment with placebo (n - 7) or AIC (n = 12) 
is shown. Circles alongside the data represent mean values ± SEM. (Adapted from Tulic MK, Fiset 
PO, Christodoulopoulos P, Vaillancourt P. Desrosiers M, Lavigne F, et al. Amb a l-immunostimulatory 
ohgodeoxynucleotide conjugate immunotherapy decreases the nasal inflammatory response. J Allergy 
Clin Immunol 2004; 1 1 3:239; with permission.) 
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Homer et al [60] showed that an optimal conjugation ratio of ISS-to-Amb a 1 
resulted in an AIC that was approximately 100-fold less allergenic than native 
allergen, as measured by mast cell degranulation. Use of AIC also resulted in a 
marked reduction in anaphylactic death, and similar results were seen in a murine 
model of the Arthus reaction. 

Clinical trials with Amb a I immunostimulatory oligonucleotide construct 

Various clinical trials have been undertaken with the experimental AIC con- 
struct in France, Canada, and the United States. Data from the European studies 
have confirmed the safety of AIC when patients were immunized to 30 \\% of 
Amb a 1 equivalent product [61]. The Canadian study by Hamid et al [62] 
demonstrated that AIC treatment resulted in a decrease in eosinophil migration 
and a shift from a Th2 profile to a Thl profile (Fig. 5). 

The authors' group at Johns Hopkins completed a Food and Drug Ad- 
ministration-defined clinical safety study in which quantitative intradermal end- 
point skin titration was employed to assess the relative potency of AIC to a 
standardized, commercially available ragweed preparation. The results demon- 
strated that the AIC product was more than 100-fold less reactive than the 
licensed ragweed extract when assessed with this parallel-line bioassay method- 
ology. In a subset of patients, in vitro studies of basophil histamine release 
showed a similarly positive effect to that observed with the in vivo skin titra- 
tion studies [64]. 

The authors' initial injection study demonstrated the tolerability and immu- 
nogenicity of AIC. Patients with ragweed allergy safely were dosed to 1 5 p-g of 
AIC (based on Amb a 1 content) and demonstrated an immune response that was 
consistent with that for conventional ragweed immunotherapy [63]. 

The authors' clinical trial through the Immune Tolerance Netv^'ork of the 
National Institutes of Health demonstrated encouraging clinical efficacy in pa- 
tients with fall-seasonal allergic rhinitis. Patients experienced improvement in 
visual analog scores, seasonal symptom diary scores, quality-of-life scores, and 
medication use. These positive clinical observations were observed in the initial 
ragweed season, and improvement continued during the second season of ob- 
servation, findings that provide evidence of sustained benefit [65], 

Summary 

The results from these clinical studies of patients with ragweed-induced 
allergic rhinitis demonstrated that AIC is less allergenic than conventional 
immunotherapeutic products and may offer the potential for an improved safety 
profile for immunotherapy. The initial phase I and phase II clinical trials with 
AIC demonstrated the improved immunogenicity and therapeutic potential of the 
construct and suggested that AIC may be a superior therapeutic agent, when 
compared with conventional immunotherapy. Further trials are underway to 
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evaluate and confirm the optimal dosing, long-term safety, immunologic effect, 
and therapeutic efficacy of AIC as a treatment modality for ragweed-induced 
allergic rhinitis and asthma. 
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Oligodeoxynucleotides containing immunostimulatory CpG 
motifs (CpG ODN) act as potent Thl-like immune enhancers 
with many antigens in animal models. We have extended these 
observations to the first clinical evaluation of the safety, tolera- 
bility and immunogenicity of CPG 7909 when added to a com- 
mercial HBV vaccine. In a randomized, double-blind phase I 
dose escalation study, healthy volunteers aged 18-35 years were 
vaccinated at 0, 4 and 24 weeks by intramuscular injection with 
Engerix-B® (GlaxoSmithKline). The regular adult dose of 20 /^g 
recombinant hepatitis B surface antigen (HBsAg) adsorbed to 
alum was administered mixed with saline (control) or with CPG 
7909 at one of three doses (0. 125, 0.5 or 1 .0 mg). HBs Ag-specific 
antibody responses (anti-HBs) appeared significantly sooner and 
were significantly higher at all timepoints up to and including 
24 weeks in CPG 7909 recipients compared to control subjects 
{p < 0.001). Strikingly, most CpG 7909- vaccinated subjects de- 
veloped protective levels of anti-HBs IgG within just two weeks 
of the priming vaccine dose. A trend towards higher rates of 
positive cytotoxic T cell lymphocyte responses was noted in 
the two higher dose groups of CPG 7909 compared to controls. 
The most frequently reported adverse events were injection site 
reactions, flu-like symptoms and headache. While these were 
more frequent in CPG 7909 groups than in the control group 
ip < 0.0001), most were reported to be of mild to moderate 
intensity regardless of group. In summary, CPG 7909 as an ad- 
juvant to Engerix-B was well-tolerated and enhanced vaccine 
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immunogenicity. CPG 7909 may allow the development of a 
two-dose prophylactic HBV vaccine. 

KEY WORDS: Adjuvant; CpG oligodeoxynucleotide; HBV; vaccine; 
TLR9. 

INTRODUCTION 

Despite the availability of effective vaccine prophylaxis 
against the hepatitis B virus (HBV), acute clinical in- 
fections and their long-term sequelae remain important 
worldwide health concerns (1, 2). While current three- 
dose HBV vaccine schedules administered over 6 months 
are generally effective in healthy individuals (3), rapid in- 
duction of protective immunity, ideally after fewer doses, 
would be advantageous. Waiting 6 months until devel- 
opment of effective protection may expose health pro- 
fessionals to the continuing risk of infection. Further- 
more, in endemic areas where infants are often infected 
through vertical or horizontal transmission, a rapidly ef- 
fective vaccine is desirable considering that almost all 
infected infants become chronically infected (1, 2). As 
well, fewer vaccine doses would be more cost effective 
and would likely improve compliance. Adjuvants are fre- 
quently added to antigens in vaccine formulations to im- 
prove immune responses. Some, such as alum provide 
a depot effect, which improves antigen uptake and pre- 
sentation by antigen presenting cells. Alum is safe and 
well tolerated but is relatively weak as an adjuvant and is 
strongly Th2 biased (4, 5). While Th2 adjuvants can in- 
duce high antibody titers, they are very poor for inducing 
cell-mediated immune responses such as cytotoxic T lym- 
phocytes (CTL), which are essential for clearance of virus- 
infected cells. Oligodeoxynucleotides (ODN) that contain 
immunostimulatory CpG motifs (CpG ODN) are potent 
stimulants of B-cells and plasmacytoid dendritic cells 
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(pDC) through binding to Toll-like receptor 9 (TLR9) (6). 
Through cytokine secretion from these cells, CpG ODN 
also indirectly activates a number of other types of im- 
mune cells. When combined with antigens, CpG ODN po- 
tently augment antigen-specific responses that are strongly 
Thl -biased (7-9). The CpG effects that promote antigen- 
specific responses include the direct activation of B cells 
to secrete more antibodies, improved antigen presenta- 
tion by DC and secretion of Thl cytokines that provide 
CD-40 Ugand independent T-help (6, 10). Three classes 
of CpG ODN (A-Class, B-Class and C-Class) have been 
identified (11). All are effective as vaccine adjuvants, but 
the B-Class are particularly effective in activating B cells. 
The ability of B-Class CpG ODN to enhance vaccine im- 
munogenicity has been demonstrated with a wide variety 
of antigens in animal models (10), including with HBsAg 
in mice by systemic (12-15) and mucosal (16) routes, 
and in non-human primates (17, 18). A human study re- 
cently reported enhanced immunogenicity of a commer- 
cial HBV vaccine with 1018 ISS (immune stimulatory 
sequence), a B-class CpG ODN (19). Herein we report re- 
sults from a phase I trial where we evaluated the safety, 
tolerability and potent adjuvant effects of CPG 7909, a 
B-Class CpG ODN, when added to a commercial HBV 
vaccine. 



METHODS 

Study Design and Subject Selection 

This double-blind controlled phase I study was con- 
ducted at the Toronto Western Hospital, Toronto, Canada 
and The Ottawa Hospital Clinical Investigation Unit, 
Ottawa, Canada. Ethical Review Board approval was ob- 
tained at each site, and each patient provided voluntar>' in- 
fonned consent. Eligible subjects were healthy adult HBV 
vaccine naive volunteers, aged 18-35, with no serologic 
evidence of previously resolved or cuirent HBV infection. 
Other exclusion criteria included liver enzyme levels out- 
side the normal range, chronic HIV or HCV infection, or 
receipt of blood products, vaccines, or immune globulin 
within two months of enrollment. Subjects receiving im- 
mune suppressive medication, and those diagnosed with 
an immune or autoimmune dysfunction were not consid- 
ered for this study. Pregnant subjects were excluded, as 
were female subjects of child-bearing potential who were 
not willing to practice adequate birth control. 

Vaccines 

Subjects received an adult dose (1 mL) of Engerix-B® 
(GlaxoSmithKline, Rixensart, BE) that contains 20 



of alum-adsorbed yeast-derived recombinant HBsAg. Ex- 
perimental vaccines also contained 0.125, 0.5 or 1.0 mg 
CPG 7909 (sequence 5*-TCG TCG TTT TGT CGT TTT 
GTC GTT-3*), which was made with a wholly phospho- 
rothioate backbone to render it nuclease resistant (Coley 
Pharmaceutical Group, Wellesley, MA), The CPG 7909 or 
vehicle control (saline) was added in a volume of 0.3 mL 
to ensure subjects and study personnel remained blinded 
to vaccine group. Ail vaccines were prepared by an un- 
blinded pharmacist at the trial site and were administered 
within 48 h of mixing. Each subject received three intra- 
muscular (IM) doses into the right deltoid muscle at 0, 4 
and 24 weeks. 



Experimental Groups 

Subjects were enrolled sequentially into three cohorts 
according to dose level of CPG 7909. Within cohort, sub- 
jects were randomized to receive an experimental vaccine 
or control in a 3:1 ratio. Originally, it was planned to for- 
mulate the experimental vaccines with 0.5, 1.0 or 2.0 mg 
CPG 7909 and to have 16 subjects per cohort (12 exper- 
imental and 4 control). Due to a blood sample handling 
laboratory error in the first cohort leading to loss of some 
immunogenicity data, eight additional subjects (six with 
0.5 mg CPG 7909 and two control) were added. After an 
interim analysis indicated that the 0.5 mg and the 1 mg 
doses of CPG 7909 were highly effective at improving 
anti-HBs responses, the intended 2 mg CPG 7909 dos- 
ing cohort was replaced with a 0.125 mg dose in an effort 
to find the lowest effective dose. A total of 56 subjects 
were immunized, 14 receiving control vaccines and 42 re- 
ceiving experimental vaccines with CPG 79()9 [0.5 mg 
(n = 18), 1.0 mg {n = 12), 0.125 mg (n = 12)]. 



Safety Evaluation 

Adverse effects were identified by clinical safety evalu- 
ation at baseline and at the following times post adminis- 
tration: first dose — 24 h, 2 weeks, and 4 weeks (just prior 
to second dose); second dose — 24 h, 6, 8, 1 2, and 24 weeks 
(just prior to third vaccine dose); third dose — 24 h, 26 and 
48 weeks. Subjects also documented symptoms in a diary, 
which was evaluated at each visit. Laboratory tests includ- 
ing a complete blood count, serum chemistry, liver and re- 
nal function, and coagulation measures were performed at 
baseline, and weeks 2, 4, 6, 24 and 26. Rheumatological 
measures including CH50 (total complement function), 
anti-dsDNA antibody, rheumatoid factor, and anti-nuclear 
antibody titre (ANA) were measured at baseline and weeks 
4, 8, and 26. 
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Immmogenicity — Humoral Response 

To assess anti-HBs responses, blood samples were ob- 
tained at baseline and 2, 4, 6, 8, 12, 24, 26 and 48 weeks 
after the initial vaccine dosing. Samples were tested 
in triplicate at a commercial laboratory by the Abbott 
AUSAB-EIA® (Abbott, Abbott Park, IL, USA); anti-HBs 
titers were expressed in mlU/mL based on comparison 
with standards defined by the World Health Organization 
(WHO). Anti-HBs titers for total IgG, as well as the IgG i , 
IgG2, IgG3 and IgG4 isotypes in samples recovered at 
baseline, 6 or 8 and 26 weeks post prime were determined 
by endpoint dilution ELISA assay. 

Immunogenicity — Cellular Responses 

To assess HBsAg-specific cell-mediated immune re- 
sponses, whole blood was collected from subjects at 
baseline and at weeks 4, 6, 8 and 26 weeks. Peripheral 
blood mononuclear cells (PBMC) were recovered from 
the whole blood on a Ficoll gradient and cryopreserved 
until required for HBsAg-specific CTL activity evalua- 
tion. CTL activity was performed after 5 days of ex vivo 
restimulation by ^'Cr release assay using HBsAg-derived 
peptide pulsed immortalized autologous B cells as stim- 
ulators and targets (Amersham Biosciences, Piscataway, 
NJ) (complete procedure available upon request). CTL 
assays were validated by the ratio of spontaneous release 
to maximum release. A CTL assay in which the ratio of 
spontaneous release to maximum release was >30% was 
disqualified. At each E:T ratio the % specific lysis was 
calculated as described previously (12). Each of the fol- 
lowing criteria had to be met to define a positive CTL: (i) 
% specific lysis of > 10 (ii) greater than two-fold increase 
in specific lysis between the lowest effector to target cell 
(E:T) ratio and the highest E:T ratio, with evidence of in- 
cremental progression, and (iii) a positive CTL at 26 weeks 
and a negative CTL at some time point prior. Subjects were 
deemed incomplete if (i) they could not be classified as 
positive or negative due to an absence of data points or 
(ii) they were negative for one pool and did not have a 
legitimate data point for the other pool at 26 weeks. 

Data Analysis 

The analyses for safety and tolerability parameters were 
performed on all randomized subjects who received at 
least one dose of study medication and who had post-dose 
safety information. Control subjects receiving Engerix- 
B with saline in each of the three cohorts were com- 
bined. The proportion of adverse events between Engerix- 
B plus CPG 7909 recipients at each dose level and 
Engerix-B alone recipients was compared by Fisher's ex- 



act test. Immunogenicity results were analyzed using the 
ITT/attrition adjusted population. Thus; if any subject 
failed to receive all three doses of vaccine, immunogenic- 
ity parameters were analyzed for those time points .up to 
and including the date of the first missed dose, but not 
for time points subsequent to that time. Anti-HBs titres 
measured in mlU/mL were expressed as geometric mean 
titres (GMT) for each group. All control subjects receiving 
Engerix-B with saline were combined. The differences be- 
tween GMTs achieved at a given time point for each of the 
Engerix-B plus CPG 7909 groups and the Engerix-B con- 
trol group were compared by Student's two-sided Mest. 
Differences between dose levels of CPG 7909 were not 
compared since they had been enrolled and randomized 
to different doses sequentially. The proportions of subjects 
achieving seroconversion (anti-HBs >1 mlU/mL), sero- 
protective (anti-HBs >10 mlU/mL) and high titers (anti- 
HBs > 100 mlU/mL) in the combined CPG 7909 groups 
versus the control group were compared by Fisher's ex- 
act test Antibody titers expressed as end-point dilution 
titers for total IgG, IgGl, IgG2, IgG3 and IgG4 were also 
expressed as GMT for groups and compared in the same 
way as anti-HBs in mlU/mL. The prpportion of subjects 
with positive CTL per group were determined according 
to the methods previously described and are presented 
accordingly. 

RESULTS 

Population Characteristics 

This study was conducted between April 1999 and June 
2001. A total of 90 subjects were screened, of which 56 
were enrolled and received at least one dose of vaccine. 
Of the 36 adult volunteers screened in Ottawa, two were 
anti-HBs positive, three withdrew consent prior to vac- 
cination, and 31 eligible subjects with negative anti-HBs 
titres received vaccination. Of the 54 subjects screened 
in Toronto, 25 received at least one injection. Baseline 
characteristics and demographics were evenly distributed 
among the three dose cohorts, with the exception of gen- 
der (Table I). All but two subjects completed the study. 
One subject in the control group discontinued vaccination 
after becoming pregnant. A CPG 7909 recipient (0.5 mg) 
received only the first two doses due to highly elevated 
anti-HBs titres. 

Safety and Tolerance 

The proportion of subjects reporting at least one ad- 
verse event was similar for all groups (>90%) (Table II) 
although the number of events reported was statistically 
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Table I. Patient Characteristics (Intent-To-Treat Population) 


Parameter 


Engerix-B 


Eiigerix-B + 0.125 mg CPG 


Engerix-B + 0.5 mg CPG 


Engerix-B -(- 1 .0 mg CPG 


Significance* 


Number enrolled 


14 


12 


18 


12 


NS 


Number completed 


13 


12 


17 


12 


NS 


Age (years) Mean ± SD 


25.5 ± 5.4 


25.9 ±3.2 


27.2 ± 5.8 


24.5 ± 5.4 


NS 


Gender 












Male 


8 


4 


5 


11 


NS 


Female 


6 


8 


13 


1 


NS 


Race 












Asian 


2 


0 


1 


0 


NS 


Black 


1 


0 


3 


0 


NS 


Caucasian 


11 


12 


14 


12 


NS 



Note: NS: not significant, SD: standard deviation. * p > 0.99 in all cases. 



significantly greater in subjects receiving either 0.5 or 
LO mg CPG 7909 (p < 0.0001). Common non-serious 
adverse events included local injection site pain and ery- 
thema, as well as systemic symptoms such as pyrexia, flu- 
like symptoms and headache. These events occurred more 
frequently in those receiving CPG 7909 {p < 0.0001); all 
were characterized as mild to moderate intensity regard- 
less of group. Following vaccine injection group mean oral 
temperature, blood pressure, and pulse rate remained sta- 
ble from baseline to hour 1 , as well as on day 2 and day 
14. Mild pyrexia (fever defined as temperature >38.0°C) 
occurred more frequently in subjects receiving CPG 7909 
0.5 mg (39%) or LO mg (33%) than with 0.125 mg (8%). 
No subjects receiving Engerix-B alone reported fever 
(/? = 0.02; compared to all/pooled CPG treated groups). 
One subject developed a hypersensitivity-type reaction 
with symptoms including warmth, weakness, nausea, and 
dizziness immediately following the third dose of Engerix- 
B plus 1 .0 mg CPG 7909; the symptoms were transient and 
no medical or pharmacologic intervention was required. 
One subject receiving CPG 7909 1.0 mg was hospital- 



ized for depression and suicidal ideation. This event was 
deemed unlikely to be related to exposure to the investi- 
gational drug due to a pre-existing condition. 

Laboratory 

There were no consistent or dose-related changes in 
biochemical or rheumatologic measures (data not shown). 
One CPG 7909 1 .0 mg recipient demonstrated moderate 
elevations in anti-dsDNA values first detected 2 weeks af- 
ter the 2nd and 3rd doses; these returned to normal prior 
to next dose and end of study respectively. This subject's 
ANA was negative throughout and the subject did not re- 
port symptoms associated with autoimmune disease. 

Vaccine Immunogenicity 

In each of three groups receiving CPG 7909, anti-HBs 
GMTs were statistically significantly higher than the GMT 
for control vaccine recipients for all time points up to and 
including week 24 (Fig. 1) (p < 0.001). After the third 



Table II. Adverse Events Occurring in at Least 10% of Subjects 



Engerix-B Engerix-B + 0.125 ing CPG Engerix-B -fO.5 mg CPG Engerix-B -f- 1.0 mg CPG Overall P-value* 



n 


14 


12 


18 


12 




At least one injection site reaction 


6 


10 


17 


12 


<0.001 


Injection site ^ain 


6 


9 


17 


12 


<0.001 


Injection site erythema 


2 


2 


6 


1 


0.395 


Malaise 


1 


0 


7 


1 


0.020 


Myalgia 


0 


3 


5 


2 


0.160 


Arthralgias 


1 


1 


3 


1 


<0.001 


Fatigue 


3 


4 


3 


5 


0.448 


Headache 


3 


6 


9 


6 


0.313 


Fever 


0 


1 


7 


4 


0.017 


Rigors 


1 


3 


9 


5 


0.088 


Nasopharyngitis 


6 


3 


8 


4 


>0.3 


Dizziness 


1 


0 


2 


3 


>0.3 


Feeling cold 


1 


1 


2 


2 


>0.3 


Diarrhea 


1 


1 


4 


0 


>0.3 



^ Fisher's Exact Test, 
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4 6 8 12 24 

Time post-prime (weeks) 

Fig. 1. Anti-HBs geometric mean titers (GMT) for control (Engerix-B + saline) and experimental 
(Engerix-B + 0. 1 25mg, 0.5 mg or 1 .0 mg CPG 7909) subjects (ITT with attrition) at each measured 
time-point during and after a 0, 4 and 24 week immunization schedule (arrow-heads). Each of the 
Engerix-B plus CPG 7909 groups was compared to Engerix-B + saline recipients by Student's 
two-tailed Mest. *p < 0,001 for each CPG 7909 dose compared to control; ** p < 0.05 for 0.5 mg 
CPG compared to control. 



dose at week 24, the GMT was significantly higher only 
for the CPG 7909 0.5 mg group compared to controls 
(Fig. 1). Addition of CPG 7909 to Engerix-B also re- 
sulted in significantly earlier appearance of anti-HBs. At 
two weeks post-prime, no subjects in the control group 
had detectable anti-HBs (0/14). In contrast, most sub- 
jects receiving Engerix-B plus CPG 7909 0. 125 mg (6/12), 
0.5 mg (10/12), or LO mg (1 1/12) had seroconverted two 



weeks after prime {p < 0.0001 versus control). Further- 
more, even at this very early time point, a high propor- 
tion CPG 7909 0.5 mg (7/12) and 1.0 mg (6/12) recip- 
ients and some 0.125 mg (4/12) recipients had attained 
seroprotective titers (p = 0.015 versus control) (Fig. 2). 
Post-boost (week 6) seroprotection was achieved in 100% 
of CPG 7909 recipients (0.5 mg 13/13; 1.0 mg 12/12; 
0.125 mg 12/12) compared to 55% (6/11) of control 




2 4 6 8 12 24 26 48 



Time post-prime (weeks) 

Fig. 2. The proportion of subjects attaining seroprotective anti-HBs titers (>I0 mlU/mL) for control 
(Engerix-B + saline) and experimental (Engerix-B +0.125 mg, 0.5 mg or 1.0 mgCPG 7909) groups (ITT 
with attrition) at each measured time-poinl during and after a 0, 4 and 24 week immunization schedule. 
Combined Engerix-B plus CPG 7909 recipients (all doses) to Engerix-B plus saline controls were compared 
by Fisher Exact Test and results were significantly different (p < 0.05) at 2 to 12 weeks inclusive. 
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12 



24 



26 



48 



Time post-prime (weeks) 



Engerix-B plus: 
[m Saline 
CPG 7909 
H 0.125 mg 
H 0,5 mg 
Hi 1-0 mg 



Fig. 3. The proportion of subjects obtaining high anti-HBs tilers (>100 mlU/mL) for control (Engerix-B + saline) and 
experimental (Engerix-B + 0.125 mg, 0.5 mg or 1 .0 mg CPG 7909) groups (ITT with attrition) at each measured time-point 
during and after a 0, 4 and 24 week immunization schedule. Combined Engerix-B plus CPG 7909 recipients (all doses) to 
Engerix-B plus saline controls were compared by Fisher Exact Test and results were significantly different (p < 0.05) at 2 to 
24 weeks inclusive. 



subjects {p = 0.0003). Twelve months post prime, all 
subjects who had received the full course of vaccination 
maintained seroprotective anti-HBs titers. Statistically 
significantly more Engerix B-CPG 7909 subjects than 
controls had high-titre anti-HBs response {> 1 00 mlU/mL) 
as early as week 6 (/? = 0.0001) and up to week 24 
(p = 0.0006) (Fig. 3). Overall, the magnitude of antibody 
response appeared to be greater for the 0.5 and 1,0 mg 
CPG 7909 dose groups than the 0. 125 mg group although 
this was not tested statistically since subjects were not 
randomized to dose of CPG (Fig. 1 ). 
All groups had a similar profile for IgG antibody iso- 
types (Fig. 4). IgGl was the dominant isotype detected, 
with moderately high levels of IgG3, and very low lev- 
els of IgG2 and IgG4. Titers of IgGl isotype were 
statistically higher for each Engerix-B + CPG 7909 
vaccine group than for the Engerix-B control group 
at 6 and 8 weeks (p < 0.005) and for the 0.5 and 
1.0 mg CPG 7909 groups at 26 weeks {p < 0.02). 
Titers of IgG3 anti-HBs were statistically higher for 
each CPG 7909 group than for Engerix-B alone at 6 and 
8 weeks and for the 0.5 and 1.0 mg CPG 7909 groups 
at 26 weeks (p < 0.01). Due to technical difficulties, 
HBsAg-specific CTL response data was not available 
for all subjects or at all time points. With the data that 
was available, no significant differences were detected 
for the proportion of subjects having positive CTL in 
the control versus CPG groups individually or combined 
{p > 0.05). Descriptively, there was a trend towards the 
higher doses of CPG 7909 recipients having positive 



CTL. One of seven (14%) Engerix-B control subjects had 
a positive CTL compared to for the CPG groups having 
1/8 (12.5%) with 0.125 mg, 2 of 9 (22%) with 0.5 mg and 
4/9 (44%) with 1 mg CPG 7909. 

DISCUSSION 

While current HBV vaccine strategies are generally sat- 
isfactory, they are not ideal for at-risk populations who 
require rapid protective immunity, such as health profes- 
sionals, laboratory workers, and newborns to carrier moth- 
ers. As well, in developing areas of the world where HBV 
is often endemic, a two-dose regimen that could induce 
seroprotective responses within weeks rather than months 
would be advantageous both for economic and logistical 
reasons. Based on compelling animal data (18) and the 
need for improved HBV vaccine efficacy, we evaluated 
Engerix-B vaccine with and without CPG 7909 for safety 
and immunogenicity in this first human clinical study of 
CPG 7909. This CPG 7909 vaccine adjuvant was generally 
well tolerated, but the majority of subjects experienced at 
least one mild to moderate adverse event. Transient low- 
grade fever was noted in some subjects receiving CPG 
7909 plus Engerix-B but not in subjects receiving vaccine 
alone. This effect is likely attributable to the immune stim- 
ulatory properties of CPG 7909. Flu-like symptoms were 
reported more frequently in subjects receiving 0.5 mg and 
1 .0 mg doses of CPG 7909 than in recipients of lower dose 
CPG 7909 or vaccine alone. Local injection site pain and 
headache were more frequently reported in recipients of 
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lgG1 lgG2 lgG3 lgG4 lgG1 lgG2 lgG3 lgG4 

6-8 wks — 26wks 

(2 doses) (3 doses) 

Antt-HBs Isotype 

Fig. 4. Geometric means of end-poinl dilution titers (GMT) for different IgG isotypes of anti-HBs for control (Engerix-B 
-r saline) and experimental (Engerix-B + 0.125 mg, 0.5 mg or 1.0 mg CPG 7909) groups (ITT with attrition) at each 
measured time-point during and after a 0, 4 and 24 week immunization schedule. Each Engerix-B plus CPG 7909 group 
was compared to the Engerix-B plus saline control group by Student's two-tailed Mest and for each of the four IgG 
isotypes the titers attained with all three doses of CPG 7909 was significantly greater than those induced with the control 
vaccine (p < 0.02). 



Engerix-B-CPG 7909 vaccines but were short lived and 
did not limit daily activities. Local injection site symp- 
toms are thought to be due to activation of local pro- 
inflammatory innate immune responses by CPG 7909. 
Local injection site pain and swelling have been reported 
with other humoral response enhancing adjuvants includ- 
ing monophosphoryl lipid A (MPL, Corixa) to Engerix-B 
(20, 21). Theoretical concerns have been raised about the 
potential for CpG ODN to evoke or unmask underlying au- 
toimmune disease (10). Although a single subject receiv- 
ing 1.0 mg CPG 7909 had transient low-titer elevations in 
anti-dsDNA titres, no symptoms or other evidence of au- 
toimmune disease was noted in this subject or any others 
in this study. Hemodynamic collapse owing to activation 
of the complement cascade had been reported with very 
high doses (>10 mg/kg) of antisense and CpG ODN's 
during preclinical toxicity testing in monkeys (22). Such 
changes, which are known to be sequence independent 
and due to the synthetic phosphorothioate backbone of 
the ODN, were not expected nor observed with the CPG 
7909 doses (0.002-0.016 mg/kg) evaluated in this study. 
Despite the relatively small group sizes in this phase I 
study, highly significant differences between Engerix-B 
plus CPG 7909 (all three doses tested) and Engerix-B 
alone were detected for most immunogenicity measures. 
There was a clear trend for the 0.5 and 1 .0 mg doses to be 
superior to the 0,125 mg dose. These effective adjuvant 
doses in humans are much lower (0.007 mg/kg) for than 
doses given to mice [10 jug (0-5 mg/kg) (Weeratna and 



Davis, unpublished findings)]. Human results were much 
closer to those in young (10 kg) orangutans, a member 
of the ape family closely related to chimpanzees and hu- 
mans, where testing of a more extensive dose response 
with HBsAg and alum showed 50 (0.005 mg/kg) to be 
a minimal optimal dose (17). Improvement in immuno- 
genicity by use of CPG 7909 was most obvious for the hu- 
• moral response, reflected both in the kinetics and strength 
of the response. . Of particular note were very rapid se- 
roconversion and seroprotection rates. The magnitude of 
the CpG effect on vaccine immunogenicity is readily ap- 
preciated when compared to two similarly designed con- 
trolled studies evaluating Engerix-B plus MPL in healthy 
volunteers aged 19-25 (n ~ 12 and 15 respectively, three 
dose regimen) (21) or aged 18-40 (n = 50 per group, 2 
dose regimen) (20). MPL is a ligand for the TLR4 recep- 
tor, which is expressed on human myeloid dendritic cells 
and monocytes, in contrast to the pattern of TLR9 expres- 
sion on plasmacytoid dendritic cells and B cells. MPL 
did result in improved immunogenicity with trends to- 
wards improved kinetics and magnitude. Even with MPL, 
however, seroconversion was slower and titers were lower 
compared to anti-HBs responses with CPG 7909. For ex- 
ample, MPL gave only slightly higher levels of seroprotec- 
tion than the control vaccine at 4 weeks (38% versus 17%), 
which were markedly inferior to the results with CPG 7909 
compared to its control at the same time-point (75% ver- 
sus 8%). Furthermore, anti-HBs titers were not enhanced 
by MPL after the first or second vaccine dose. Titers were 
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significantly higher only after the third dose (GMT 3X 
control). In contrast. anti-HBs response was significantly 
higher (4-50X) with CPG 7909 at all time points up to 24 
weeks. The GMT attained after three doses of Engerix-B 
with MPL was under 3000 mlU/mL whereas with CPG 
7909 0.5 mg, >30,000 mlU/mL GMT was achieved. Other 
experimental adjuvants (GM-CSF or FLT-3 ligand) have 
failed to produce any significant effect on the kinetics or 
magnitude of the anti-HBs response compared to their 
respective control group (23-25). These results suggest 
that activation of plasmacyioid dendritic cells and B cells 
through TLR9 may provide a superior adjuvant effect for 
vaccines, compared with stimulating myeloid dendritic 
cells and B cells through TLR4. There has been one pre- 
viously published report by Halperin et al. of a clinical 
study using a different CpG ODN sequence (1018 ISS) 
(19). It is difficult to compare results since in that trial the 
vaccine did not contain alum (control subjects received 
HBsAg only), and the vaccine was given on an alternate 
dosing schedule (0 and 8 weeks versus 0, 4 and 24 weeks in 
the present study). Nevertheless, if one compares 4 weeks 
post-prime responses, it appears that higher doses of 1 0 1 8 
ISS were required to detect significant adjuvant effects 
compared to CPG 7909. A seroprotective titer was found 
in 0, 0, 0, 25. 75 and 87.5% of subjects for doses of 0. 
0.3, 0.65, 1 and 3 mg 1018 ISS respectively in Halperin 
etal (19) compared to 8, 50 and 75% forO, 0.125 and 0.5 
mg CPG 7909 respectively in the present study. Anti-HBs 
GMT's at 4 weeks were 1 , 1 , 6, 25 and 207 for 0. 0.3, 0.65, 
1 and 3 mg 1018 ISS respectively compared to 1, 6 and 12 
for 0, 0.125 and 0.5 mg CPG 7909, respectively. It is dif- 
ficult to say if the apparent greater effects in the present 
study are due to the CpG sequence or to the lack of alum 
in the 1018 ISS formulation. 

Several possible limitations in this study are acknowl- 
edged. This investigation was a phase fb/IIa study de- 
signed to evaluate the safety of CPG 7909 in healthy 
adults. It is possible that infrequent adverse events, not 
identified in this number of subjects, may subsequently be 
detected with further investigation. Long-term follow-up 
is required to determine if the higher titers with Engerix- 
CPG 7909 vaccines are sustained. The broad application 
of these results may be limited by the fact that healthy, 
adult volunteers were enrolled. However, another study 
of Engerix-B plus CPG 7909 in hyporesponsive HIV 
seropositive subjects achieved rapid, high, and sustained 
anti-HBs titres (manuscript in preparation). While the re- 
sults from the CTL assays are encouraging, further study is 
necessary to determine whether CPG 7909 truly enhances 
cell-mediated immunity. If CpG ODN were able to en- 
hance Thl immunity in humans as it does in animal mod- 
els, then evaluation of CpG-containing HBV vaccines for 



the treatment of HBV chronic infection would be justified. 
In summary, the addition of CPG 7909 to a HBV vaccine 
formulation comprising alum -absorbed HBsAg appears to 
be safe and well -tolerated. Furthermore, CPG 7909 may be 
more immunogenic than several other experimental adju- 
vants that have also been tested with HBV vaccines. Sero- 
protective anti-HBs levels were induced quickly and in a 
majority of subjects within 2 weeks, a time-point when the 
current commercial vaccines offer virtually no protection. 
This could allow rapid and effective protection of at-risk 
individuals. Furthermore, all subjects receiving Engerix- 
CPG 7909 vaccines had seroprotective titers with only 
two doses, and by 6 weeks. The possibility to reduce the 
number of required doses from three to two could greatly 
enhance compliance with the WHO directive for universal 
worldwide HBV immunization by allowing more favor- 
able economic and logistical conditions. 
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Abstract 

CPG 7909, a 24-mer B-Gass CpO oligodeoxynucleodde (ODN). was tested for safety, tokrability and its ability to augment the inimuno- 
geaicity of a commercial trivalent killed split influenza vaccine (Fhiarix® containing A/Beijing/262/95, A/Sydney/5/97 and B/Haibin/7/94; 
SmithKline Beecham) in a phase lb blinded, randomized, controlled clinicaT trial. Sixty healthy volunteers were recruited in two con- 
secutive cohorts of 30 subjects, who were randomly assigned to receive Fhiarix phis 1 mg CPG 7909 or Fluarix plus saline control (15 
subjects each). Vaccines were admmistered by intramuscular mjection on a single occasidn with subjects in the first cohort receiving a 
1/1 0th dose of Fluarix and tiiose m the second cbhort receiving the full-dose. All safety measures including physical evaluation, laboratory 
blood assays, and assays for DNA autohnmunity were within normal vahies except for transient and clinically mconsequential decreases in 
total white blood cell counts m groups receiving CPO 7909. All vaccmes were found to be generally well tolerated with similar frequency 
and mtensity for most adverse reactions for groups receiving CPG 7909 as controls. Exertions were injection ^te pain and headache, 
which were reduced in ftequency k subjects receiving the 1/lOth Fhiarix dose without CpG, compared to die fiequency in all other-groups. 
There was a lack of pre^isting immunity, defined as hemagghitimn inhibition (HI) activity <20, for aU subjects to the ndluenza strains 
A/Beijmg/262^5 and B/Haibin/7/94 and for some subjects to A/Sydney/5/97. Post-vaccination humoral immune responses, as determined 
2 and 4 weeks later by assay of HI activity and ELIS A to detect antibodies against hemagglutinin <anti-HA) were similar for both full 
and reduced Fluarix doses but the cellular immune responses (naeasured as PBMC antigen^^ggecific IFN-7 gecrction) were reduced h the 
1/lOth Fluarix dose group. Humoral responses were not significantiy enhanced by the addition of CPG 7909", except in individuals with 
pre-existing immunity to A/Sydney/5/97 strain (baseline HI activity titre >20), where there was a trend to higher HI activity with CPG 
7909 {P = 0.06). The addition of CPG 7909 to tiie l/lOtii dose of Fluarix did however result m significantly higher levels of IFN-7 
secretion fiora peripheral blood mononuclear celb recovered at 4 weeks and. restimulated ex vivo with A/Beijing/262/95 <? =8 0.04S) and 
B/HaTbin/7/94 (P as 0.0057), restoring these to tiie level seen with full-dose vaccine. These results suggest tiiat addition of CPG 7909 to 
Fluarix may allow the use of reduced vaccine doses without r^uced immunogenicity. 
© 2004 Elsevier Ltd, All rights reserved 
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1. Introduction 

Oligodeoxynucleotides (ODN) containing immunostim- 
ulatoiy CpG motifs, which are tinmethylated cytosine and 
guanosine.dinucleotide pairs within the context of certain 
flanking sequences (CpG ODN) [l], can act as potent vac- 
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cine adjuvants [2-4]. QpQ ODN directiy activate B lym- 
phocytes. and plasmacytoid dendritic cells (pDC), the. only 
cells known to express toll-like receptor 9 (TLR9) in hu- 
mans [5] and also indirecUy activate macrophages and other 
monocytes to secrete predominantly Thl-Uke cytokines and 
chemokines {6], which in turn can augment adaptive immune 
responses, as has been shown with a wide range of antigens 
[1-3,7-10]. In particular, CpG ODN enhances the devel- 
opment of T-helper type 1 (Thl)-type immune r^onses. 
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mcluding cytotoxic T lymphoj^es (CTL) [1-3,6,9], CFG 
7909 is a 24-mer ODN containing ttuee CpG moti& that is 
being developed for use in hmnans, including as a vaccine 
adjuvant 

Although 70-90% of influenza vaccinated children and 
young adults develop post-vaccination hemagglutination 
antibody (HA) titres that are associated with increased 
protection against infection by the same or closely similar 
strains of influenza virus [11-15], the level of protection 
is reduced for more distantly related strains [16-19]. In 
the elderly [19-21] and o&er relatively immune compFo* 
mised populations [22,23],. which are at risk for severe 
influenza disease, seroprotection against infection is also 
dinodnished, and antibody titles wane rapidly following 
vaccination [24]. Mc^ influenza vaccines used currently 
do not contain adjuvants and their efficacy might be im- 
proved through the addition of an efifective adjuvant Aliun 
is a commonly used adjuvant, and in most countries is 
the only one found in vaccines licensed for human use. 
Despite die increased inununogenicity it confers on other 
vaccines, alum has been found to be of limited use in com- 
bination with influenza vaccine [25^6]. Furthermore, alum 
results in a predominantly Th2-type response, with little or 
no CTL. 

CpG ODN as a vaccine adjuvant has been found to be 
considerably more potent than alum in mice [2,27] that 
allows 10*100-times less antigen to be used [2S] When 
iised in combination with alims, CpO ODN can greatly, en- 
* •hance antibody responses to hepatitis B sur&ce antigen in 
non-human primates [29,30] and humsms [31]. CpQ ODN 
have also. been tested with influenza antigens in niice and 
found to be beneficial for increasing immunogenicity of 
the vaccine and reducing morbidity and mortality with sub- 
sequent viral challenge [7], Addition of CPG 7909 to the 
Fluaiix split-killed influenza vaccine induced significantly 
higher anti-HA antibody titres in mice receiving a single 
intramuscular (IM) dose [7]. In a protection and challenge 
study, mice receiving a whole killed influenza vaccine 
with alum and CpG ODN 1826 and then challenged witii 
a mouse-adapted A strain of influenza virus (PR8) expe- 
rienced less weight loss and no mortality in comparison 
to those receiving the vaccine with alum but without CpG 
ODN (Britta Wahren, personal communication). Anti-HA 
IgG titres were much higher in CpG ODN recipients 
as well. 

Based on this preclinical data, we predicted that CPG 
7909 would improve the inununologic response to an 
influenza vaccine. Wth this rational in mind, we have 
conducted a randomized controlled phase I study in 
healthy volunteers to assess the safety and immunogenic- 
ity of CPG 7909 with a commercial influenza vaccine 
CFluarix®, SmithKline Beecham). Furthermore, based on 
the antigen-sparing effects of CpG ODN in animal mod- 
els, we tested its immunogenicity with both a full-dose 
as v^U as a reduced dose (1/lOth of tiie fUll-dose) of 
Fluarix. 
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2. Methods 

2.L Study design 

This phase lb, randomized, controlled, double-blind vac- * 
cine study was conducted at; The Ottawa Hospital (General 
Campus) Clinical Investigation Unit, Ottawa, Canada. The 
study was reviewed and approved by Hie Ottawa Hospital 
Research Ethics Board. Healthy, consenting volunteers aged 
1 8-40 years with negative HI titr^ to A/Bdjing/262/95 and 
B/Haibin/7/94 were enrolled in two cohorts between August 
and December 1999. 

2»2. Vaccine^ and e xp erim ental ^ups 

Participants received commetcidUy available Fhiarix 
influenza vaccine (SmithKline Beecham Biol^cals, Rix- 
ensart, Belgium, DIN# 37796), a trivalent killed split 
non-adjuvanted influenza vaccine. The vaccine used in this 
study comprised A/Beijing/262y95,* A/Sydney/5/97, and 
B/Harbin/7/94 strains and had been used during the 1998- 
1999 influenza season in Europe. The usual full adult dose 
(0.5 ml imdiluted) contained 15 fig of each hemagglutinm 
(HA) antigen and thus the 1/lOth Fluarix dose contained 
l.S ^.g of each HA antigen. 

CPG 7909, aB-Cla ss CpG ODN of sequence 5'-TCGTC- 
GTTTTGTCGTTTTGTCGTT-S' was synthesized with a 
wholly phosphoTOthioate backbone (Coley Pharmaceutical 
Group, Wcllesley MA, Loti^ 18310698). This ODN contains 
three copies of the GTCGTT motif that has been report«i 
as optimal for stimulation of the human TU19 receptor [6]. 

The Fluarix vaccine (tiie reduced dose was first diluted 
with PBS to have same volume as the fliU^Klose, namely 
0.5 mi) and the CPO 7909 (Img dissolved in 0.2 ml PBS) 
were mixed by a pharmacist within 4h of administration to 
the subject Control vaccines had 0.2 ml of PBS added to 
ensure all vaccines were of equal volume (0.7 ml) and ap- 
pearance. Vaccines were administered by a single intramus- 
cular ii^ection into the left deltoid muscle, according to the 
vaccine manu&cturer's instructions. 

In the first cohort, 30 subjects were randoniized to receive 
either 1/lOth dose Fluarix with saline <con&ol) or 1/1 Otb 
dose Fluarix with CPG 7909 (experimental). In the second 
cohort, another 30 subjects were randomized to receive thie 
full-dose Fluarix with saline (control) or the fUU-dose fluarix 
witii CPG 7909 (ejq)erimental). 

The Department of Pharmacy, who were in no other way 
involved with the design or -conduct of this study, were re- 
sponsible for randomization of subjects and preparation of 
the injection solutions. 

2,3, Exclusion criteria 

Exclusion criteria included prior receipt of any 199&- 
1999 influenza vaccine, hemagglutinin inhibition (HI) 
activity for serotype A/Beijing/262/95 or B/Haibhi/7/94 
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grater than 1:20, and hypersensitivity or allergy to in- 
flueriza vaccine. Receipt of blood prcducts, any vaccine, 
or immunoglobulin within 1 month was not allowed 
Can^dates with HIV, taking tnmiune suppressant med* 
ication, or with a history of autoinunune disease were 
not considered for this study. Pregnant subjects or those 
unwilling to practice birth control were ^chided as 
well. * 

2.4, Safety evaluation 

Advene efifects were identified by clinical safety eval- 
uation at baseUne (day 0), day 2, and weeks 2, 4 and 8 
post-vacdnatioiL Subjects also recorded syncqptoms in a 
diary, Which was evaluated at eat:h visit Laboratory tests, 
which included a complete blood co^int, serum chemtstxy, 
liver and renal function, and coagulation measures were 
performed at baseline, day 2 and week 2. Tests for autoim- 
mune reactivity inchided CH50 (hemolysis), anti-dsDNA 
antibody, rheumatoid &ctor (RF), and, anti-nuclear an* 
t£body titre (ANA) and were Pleasured at baseline and 
8 weeks. 

2.5. Immunogenicify evaluation 

HI titres were measured at baseline and days 14, 28 and 
S9 post-vacoination. Total and IgG isotype (IgOl, IgG2, 
Ig03, and IgG4) HAIevels w^re determined at baseline and 
week 8. 

For assay of celhilar immunity, fresh whole blood was 
collected at baseline and weeks 2, 4 end B in green top hep- 
arin tubes (BD Vacutainer, Franklin Lakes, NJ, USA) and 
tiaxisfeired within 24 h to Coley Pharmaceutical Group's 
Clinical Laboratory, Ottawa, Canada for same day isolation 
of PBMC by density gradient centrifugation. The PBMC 
were resuspoided in freezing media containing 20% DMSO, 
chilled to -80 °C by 1 °/min and stored in liquid nitrogen 
until analysis. Samples were thawed quickly at 37 ''C and the 
average PBMC viability after freeze/thawing was 82 ± 16% 
(mean ± S.D., n =s 1 10). The cells were stimulated individ- 
ually with each antigen, A/Sydney, A/Beijing and B/Harbki 
(generously provided by Smit^Lne Beecham Pharma 
GmbH, SSW Bxunch, Germany) at a concentration of 
0.5 |jig/ml for 5 days at 37 °C. Media was also included as a 
negative control and phytohemmagglutinin (PHA, 10 jxg/ml, 
Sigma, St Louis, MO, USA) and tetanus toxoid (1.0 M.g/ml, 
List Biologicals, Campbell, USA) as positive controls. Cells 
were pulsed with ^H-thymidine (lOjiCi/ml, AMersham 
Health Sciences, Oakville, ON, Canada) for 16h, harvested 
and measured for radioactivity. The stimulation index is 
the count/min (CPM) of cells mcubated with antigen di- 
vided by the CPM of cells incubated with media alone. 
Production of IFN-a and IFN-7 was measured by antigen 
re-stimulation of PBMCs harvested at baseline and weeks 
2 and 4. 
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2,6, Statistical analysis 

Baseline characteristics of the groups were compared 
by Chi-square test, for categorical variables and by 
Student's /-test for continuous variables. For safety and 
tolerance evaluation, data were assessed by or Fisher's 
Exact Test for within Fliiarix-dose cohort con^arisons and 
by Mantel-Haenszel controlling for cohort Hematolo^cal, 
biochemical, smd immtmoiogical measures were compared 
by repeat measures ANOVA between CPG 7909 and placebo 
control recipients for each Fluaiuc-dose cohort For each 
Fluaiix-dose cohort the change fixnn baseline in natural 
log HI titre was con^ared between CPG 7909 and placebo 
control recipients by Student's /-test and repeat measures 
ANOVA (for each of the Qvee stains of antigen separately)* 
HA antibody titre production were converted to fold in- 
crease from baseline and compared between Fluarix-dose 
cohorts by repeat measures ANOVA. T-cell proliferation 
stimulation index and cytokine (pgM) change &om base- 
line were evaluated by Student's f-test (for each of the three 
stains of antigen separately). For all measures, diflFerences 
were considered to be not significant with P > 0.05. 

3. Results 

1.1. Population characteristics 

■t 

Ninety of 125 subjects initialiy screened were eligible 
for enroUm^nt by virtue of having HI activity <20 for 
A/Beijing/262 and B/Harbin/7, and 60 of tiiese subjects 
were actually vaccinated. The other 30 were not vaccinated 
because they declined vaccination (n 16), withdrew con- 
sent (n = 3), could not be located (n = 5) or were Ineligible 
for other reasons {n = 6). Active vaccination occurred fiom 
August to October 1999. All enrolled subjects conapleted 
the study (Table I). 

3.2, Safety and tolerance 

Most study subjects reported at least one adverse ievent 
during the follow-up period, but only one event was classi- 
fied as serious. In this case, a female subject who had re- 
ceived tiie 1/1 0th dose Fhiarix (without CPG 7909) devel- 
oped polyarthritis 1 montii following the vaccine adnoinis- 
tration, and this was subsequentiy diagnosed and treated as 
seron^tive rheumatoid arthritis. 

There was no difference in frequency between subjects re- 
ceiving control vaccines (either dose) or vaccines containmg 
CPG 7909 for most common minor adverse events, includ- 
ing fever, fetigue, myalgia, arthralgia, as well as injection 
site bruising, erythema, edema and pruritus (Table 2). Only 
injection site pain and headache occurred more frequently 
in CPG 7909 recipients (? « 0.004 and 0.027, respectively) 
however this could be attributed solely to differences within 
the 1/lOtb dose cohort (Table 2). The duration of iryection 
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Subject chataptoristics 












paiBmeter 


1/lOtb dose Fluarix 


1/lOth dose Fluarix-CPO 7909 P 


FuU-dose Flnaiix 


FullKlose Flusrix^O 7909 




H 


15 


15 


14 


16 




Completed 


13 


15 


14 


16 




Age mean (S-D^")** 


273 (7,0) 


29.9 aO) NS 


26,i (4.1) 


.28,0 (5^) 


NS 


Male sex*' 


9 


9 NS 


3 


• 8 


NS 


A/Sydn^ HI > 20» 


8 


7 NS 


8 


10 


NS 



Standard deviatum. 
^Student's r-tesL 
° Chi-square. 



site pam was one to two days longer in CPG 7909 recipi- 
ents. The intensi^ of injection site pain was graded as mild 
to moderate by all subjects with one exception; one female 
receiving the 1/1 Oth dose Fluarix plus CPG 7909 reported 
severe injection site pain not associated with bruising or eiy- 
thema that r^olved completely by 4 days post-injection. 

Local or generalized lympbutdenopathy and hepato- 
splenomegaly were not identified in any vaccine recipients 
whe&er or not they received CPG 7909. Recorded oral 
temperature, blood pressure, and pulse rate were unchanged 
fifom baseline I h, 2 days, and 14 days following injection. A 
single subject reported influenza-like synq)toms (fUll-dose 
Fluarix plus CPG 7909) and three individuals reported 
fever (1/1 0th dose Fluarix, n = 1; 1/1 0th Fluarix plus CPG 
7909, n =2) following injection. Symptoms and signs of 
upper respiratory infection and diagnosis of infections in 
• follow-up did not diflFer between groups receiving CPG 
7909 versus placebo control in each Fluarix-dose cohort, 

iJ. Laboratory 

In all four study arms, clinically insignificant and tran- 
sient reductions in total white blood cell count, neutrophils, 
lymphocytes, eosinophils and platelets as well as an m- 
crease ia monocytes were noted in blood drawn 2 days 
post-vaccination. These changes were not significantly dif- 
ferent between subjects receiving control vaccines and those 
receiving vaccines with CBQ 7909 except for decreases in 
total white blood cell count (-1690 versus -2S0 m-I"^ 
for CPG 7909 versus control in the 1/lOth dose cohort, P < 



0,001, and -2350 \lY'^ versus -1370 \kV^ in the full-dose 
cohort, P B 0^04). These changes were clinically incon- 
sequential and average values* for all measures returned to 
baseline levels by day 14. T^ifo sigmficant change from base- 
line in INR or PTT was observed in any group at any time. 
There were no apparent clinical consequences of any hema* 
tologic laboratory changes. 

There were ho significant changes in electrolytes, liver 
studies, renal function, serum glucose, lipids, and muscle 
enzymes (data not shown). Severe grade laboratory me^asures 
were not observed in any patient 

3.4. Immimopathology results 

No significant changes in anti-ds DNA,'total complement, 
rheumatoid factor and ANA were, observed in any subject 
Arthmtgia^ joint effusion, joint stiffness or arthritis were not 
reported in any CPG 7909 recipients. 

3.5. Vaccine immunogenidty 

The HI activity .titers produced with both the 1/1 0th 
dose and full-dose Fluarix vaccines were significantly in- 
creased from baseline for all four vaccine groups at all 
post-vaccination time points measured for all three antig^ 
and all subjects achieved HI activity titres (> 1 :40) to all three 
influenza antigens, a titer that is associated wi^ increased 
protection against influenza infectiqri (Table 3). Since some 
subjects had pre-existing HI activity against A/Sydncy/5/97 
antigen, post-vaccination titers were evaluated relative to 



Injection-related adveise events 





1/lOth dose 
Fluarix 


]/10th dose 
Fhiarix-CPO 7909 


pi 


Fullniose 
Fiusrix 


Full-dose 
Fluarix-CPO 7909 




Overall/* 


N 


15 


U 




14 


16 






At least one adverse event 


n 


14 


0.142 


12 


16 


0.118 


0.040 


lojecttdn site pain 




13 


<0.001 


11 


13 


0.855 


0.004 


Headache 




6 


0.029 


3 


6 


0.200 


0.027 


Arthralgias 




0 


0.500 


0 


0 




0J17 


Myalgias 




3 


0.250 


0 


3 


• 0.140 


0.057 


Fatigue 


0 


3 


0.112 


6 


3 


. 0.120 


0.844 


Fever 


I 


I 


0,517 


0 


1 


0330 


0J85 



° Chi-8qu&re/Fisber'8 exact test 
^ Cochran Mantel-Haeszcl. 
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Tables * 

Sumnmry and comiorisos of change of natural log hemagglutmation faihibition (HI) thres 

Tlma^mt 1/lOth dose Fluarix 1/lOth dose Fluarix-CPO 7909 r^esf PuU-dose Ftuarix FuIl*<lose Fhiarix-CPO 7909 t-^ss^ 



(a) For A/Sydaey/5/97 antigen finm baseline h subjects whb screening HI S 20"*** 



N 7 




8 




6 


6 




Day 14 Z27 (0,49) 




1.86 (035) 


030 


3,88 (0.42) 


2,79 (0.47) 


0.12 


Day 28 Z06 (0^2) 




1.78 (034) 


0.65 


3.72 (0.43) 


2.98 (033) 


031 


Day 56 1.92 (p.51) 




1.47.(035) 


0.47 


338 (0.45) 


2.93 (0.64) 


6.42 


(b) For A/Sydney/5/97 antigei 


1 fiom baa 


«lme in subject! 


i with scieenizig HI > 20^ 








N 8 




7 




8 


10 




Day 14 1.09(033) 




152 (0J8) 


0.08** 


1.97 (027) 


238 (0.25) 


0.12«» 


Day- 28 \2l (034) 




2.08 (0.26) 


0.07^ 


1.91 (032) 


^44 (023) 


0.18** 


Day 56 123 (039) 




2.22(027) 


0.06** 


1,77(034) 


2.45 (028) 


0.14<* 


(c) For A/Beljbg^62/95 antiE 


[en fibm t 


Bseline"**' 










JV 15 




15 




14 


16 




Day 14 2.44 (0.46) 




t 2,85 (037) 


0.49 


3.14 (0.44) 


322 (P38) 


0.88 


Day 28 230 (0.49) 




3,07 (037) 


036 


2.90 (0.42) 


259 (032) 


0.87 


Day 56 2.48 (0,47) 




3,IeS (038) 


028 


2.71 (0.44) 


2.92 (034) 


0.70 


(d) For B/Heibhi/7y94 antigen 


fiom baselinc^'*^ 










N 15 




15 




14 


16 




Day 14 1,78 (0:23) 




2.00 (029) 


036 


224 (0.40) 


' 227 (028) 


055 


Day 28 155 (0^) 




1.99 (0.32) 


0.91 


2.03 (039) 


2.05 (031) 


056 


Day 56 1,84 (0,24) 




' 1.95 (034) 


0.81 


1.86 (039) 


1.85 (030) 


0.99 



^ Vslue expressed as change in oatuml log HI (standard error of the mean) from baseline. 
*'120HItitie=3.001n. 

" Interaction temi not significant by repeated measures ANOVA analysis. 
^ P 0.06 between Fluarix-CPG 7909and Fluarix-control groups. 



baseline titres (Table 3a and 3b). For the other two anti- 
gens, A/Beijing/262/95 and Bi1iarbin/7/94, absolute titers 
were used since all subjects were seroilegative prior to 
vaccination. Subjects receiving CPG 7909 did not attain 
higher HI titers than control subjects in the saime vaccine 
dose cohort for any antigen (Table 3; P > 0.05). How- 
ever, in subjects where there was pre-existing immunity 
against A/Sydney/5/97 there was a trend toward greater 
titre increase with CPG 7909 in the 1/lOth Fluarix cohort 
(P a 0.06-O.08 at different times, Table 3b). 

, When and-HA BUS A titers were detennined, there were 
four and two-fold increases in total IgG cuid IgGl against 
A/Sydney/5/97 at day 56 for Mi-dose and 1/1 0th dose Flu- 
ariXy respectively, regardless of CFG 7909 inclusion. IgG2 
and Ig(}4 anti-HA titres to A/Sydney/5/97 were unchanged 
from baseline irrespective of Flxiarbc dose or inclusion of 
CPG 7909. A trend was noted toward greater fold increase 
in IgQ3 anti-HA titre to A/Sydney/5/97 in recipients of 
full-dose Fluarix plus CPG 7909 versus full-dose Fluarix 
alone (10.4 versus 2.3-fold). This was most pronounced 
in those who had baseline A/Sydney/5/97 HI activity 
greater than 1:20. A trend toward greater fold increase 
in IgG3 anti-HA titres to A/Beijing/262/95 antigen was 
also noted in full-dose and 1/lOth dose Fluarix plus CPG 
7909 recipients when compared to their respective controls 
(44.1-fold versus 4.5-fbld and 10.4-fold, versus 1.9-fold, 
respectively). The mean. fold increase in total IgG, IgGl, 
IgG2, and IgG4 anti-HA titres to A/Beijing/262/95 and 
B/Harbin/7/94 antigens at day 56 was not influenced by 



CPG 7909 inclusion and were similai, between doses of 
Fluarix. * . ■ * , 

PBMC production of IFN-a and IFN-*y on ex vivo 
re-stimulation with any of the three influenza antigens was 
evaluated at baseline, day 14, and day 28. Subjects receiving 
CPG 7909 mih the 1/lOth vaccine dose had significantly 
higher IFN-'y production in response to A/Beijing^62/95 
{P = 0.048) and B/Haibin/7/94 (P =s 0.0057) antigens but 
not to the medium control (Fig. 1). A four to seven-fold 
increase in IFK-7 production was noted in fuU-dose Fluarix 
recipients, and this did not differ for antigen br CPG 7909 
inclusion. No group had increased levels of £FN-a secre- 
tion with any antigen post-vaccination regardless of dose of 
vaccine or inclusion of CPG 7909 (data not shown). 

PBMC prolifemtion increased by at least two-fold, ir- 
respective of antigen, Ruarix dose, or CPG 7909 inclu- 
sion (data not shown). Although not statistically significant, 
the mean fold increase in PBMC proliferative responses to 
A/Beying/262/95 in CPQ 7909 recipients appeared to be 
greater at both at days 14 and 28 than controls in the l/lOth 
dose Fluarix cohort 



4. Discussion 

In the present study, CPG 7909 was found to be safe and 
well tolerated when used as an adjuvant to the Fluarix in- 
fluenza vaccine in healthy, adult recipients. Most adverse 
reactions were of similar fioequency and magnitude between 
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Change in DRN-y production from baseline with A/Sydney ' antigen stimulation 
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Change in IFN-y production from Baseline with B/Harbin antigen stimulation^ 





1^00 
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400 
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^Significant difference between 1/10^^ dose Euarix plus CPG 7909 and 1/lOth dose 
Fluarix plus control on day 28 by Student's t test (pss0,048) 
^Significant diff^^nce between 1/10^*^ dose Fluarix plus CPG 7909 and 1/lOth dose 
Fluarix plus control on day 28 by Student's t test (ps=0.0057) 

Fig. 1. T cell pralifemtion follovvmg stimulation with influenza antigBna. (a) Change in IFN-'y production from baseline with A/Sydziey' antigen stimulation, 
(b) Change in tFN-'y productitm &on\ baseline with A/Be'ying antigen stimulation.^ (c) Change in IFN*Y production fiporo baseline with B/Harbin antigen 
stimulation.^ 



CPG 7909 and control subjects receiving the same vaccine 
dose (fiill or 1/1 0th reduced dose). Only local injection site 
pain and headache occurred more frequently, but not with 
greater severity, in subjects receiving CPG 7909 and this was 
detected only with the 1/1 0th dose of vaccine. All adverse 



events were short lived and did not limit the daily activities 
of subjects. Theoretical concerns have been raised about the 
potential of CpG ODN to evoke or unmask underlying au- 
toimmune disease [6]. No symptomatic or biochemical evi- 
dence of this was observed. Hemodynamic adverse effects, 
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as had been noted with admioistFation of vety high doses 
of antisense ODN to monk^s [32], were not seen in any of 
the 31 adult hiunans receiving CPO 7909 with Fluaiix. 

\^e predicted that CPG 7909 woi^d increase the propor- 
tion of subjects achieving seropiotective HI dtres as well as 
the actual titers. However, all subjects responded well to the 
vaccine alone, and no adjuvant effects by CPO 7909 on HI 
titers or antl-HA ELISA titers (various IgO isotypes) were 
noted with the exception of a trend towards hi^er titers 
against A/Sydney/5/97 in individuals with pre-existing im- 
munity to A/Sydney/5/97. One interpretation of these results 
is that CPO 7909 may be better able to boost than prime 
responses to influenza antigens. Alternatively, since the vac- 
cine alone turned out to be highly effective in this popula- 
tion, it is possible that a protective response to the influenza 
antigens was aheady being made, and tiiat further boosting 
would not be beneficial. It is possible<that CPG 7909 would 
have shown benefit if evaluated in vaccine hyporesponsive 
populations, such as the very young or elderly. The addition 
of CpG ODN to murine vaccmes enables effective vacci- 
nation of neonatal and elderly n^ce [33-35]. Two doses of 
influenza vaccine with CPG 7909 may oe effective in achiev* 
ing high rates of protective immuni.ty against influenza, es- 
pecially in hypo-responsive populations. Evaluatioxi of this 
approach is warrant^. It may be that the formulation was not 
optimal in the present study where there was no other adju- 
vant to offer a depot effect [27^6,37]. Alternatively, it is pos^ 
sible that some characteristic of the inmnme response to the 
influenza vaccine in healthy ^bjects.prevents it from being 
enhanced by the addition of an adjuvant It i's noteworthy that 
we have been unable to find any published reports of an ad- 
juvant that enhances influenza responses in normal subjects. 

Overall, the adjuvant effect of CPG 7909 was most appar- 
ent in the 1/1 0th vaccine dose cohort One explanation for 
this may be that the fiill-dose of vaccine on its own is highly 
imiQunogenic with litde room for improvement, but that the 
CPG 7909 compensates for the lower iirununogenicity of the 
reduced amount of antigen. This would be'^bonsistent with' 
our earlier results in mice, where the addition of CpG to 
a vaccine enabled effective vaccination with 1/lOOtb of the 
normal antigen dose [28]. 

Based on its in vitro immune stimulation effects, we antic- 
ipated that CPG 7909, a B-Class CpG ODN, would enhance 
actrvation of B-cells. The most predominant immunogiobu<» 
iin subclasses produced following vaccination in this study 
were IgGl . and IgG3. A trend toward greater increase in the 
igG3 subclass to A/Sydney5/97 and A/Beijing/262/95 in 
Fluarix plus CPG 7909 recipients was noted at day 56. This 
may be clinically relevant as complement activation and 
antibody-dependent cell-mediated cytotoxicity responses, 
both important in viral neutralization, are most efficiently 
produced by IgGl and IgG3 subclass antibodies [38,39], We 
expected pDC stimulated by CPG 7909 to induce increased 
Thl T cells, leading to enhanced antigen-speciflc IFN-7 
secretion. Indeed, significantly higher levels of IFN-7 were 
detected upon restimulation of PBMCs with influenza anti- 
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gens in subjects receiving CPG 7909 than in controls in the 
1/lOth dose Fluarix cohort These fmdings may be clinically 
important as endogenous interferons have an bnportant role 
m terms of decreased viral titres and syn^tom resolution 
[4(M2]. 

Several limitations of this study are acknowledged. This 
phase lb study was designed primarily to ecvaluate the s^ety 
of CPG 7909 as a vaccine adjuvant in humans. It is possible 
that infrequent adverse events, not identifled in this small 
study, may be detected with future larger scale investiga- 
tions. Of course, long term follow-up to detect protection 
from natural infection and d^;ree of clinical illn^ with 
influenza are also required in the evaluation of this acQu- 
vant for influenza vaccines such as Fluairix. The sequential 
enroUnient into reduced and then flill-dose vaccine cohorts 
limited our ability to perform ^rect statistical comparisons 
between these two doses of influenza vaccine. Enrolled sub- 
jects were purposely selected to have sub-seroprotective HI 
activity titres to A/Beijing and B/Harbin at baseline and 
therefore represent a subgroup of the general population. 
Nevertheless, 90 of 125 (72%) subjects screened met these 
criteria, indicating that this subgroup was at least represen- 
tative of Hit majority of healthy addts living in the Ottawa 
area at that time. The relevance of this study to populations 
more likely to be hyporesponsive to an influenza vaccine 
or to be at greater risk of severe influenza may be limited 
by the fact that only healthy, adult volunteera were enrolled 
in this study. Further smdies in these tar;get popiilations are 
wariantdd. 

In conclusion, this study demonstrates the safety of CPO 
7909 as an adjuvant to a commercial influenza vaccine in 
healthy human volunteers. The efifects of CPG 7909 on 
the inununogenicity of the vaccine were limited and might 
become more apparent by testing in an immime compro- 
mised population, by using a two-dose strategy or through 
improved formulation. Of note but unrelated to the test- 
ing of CPG 7909 was the finding that the 1/lOth dose of 
Fluarix produced similarly high proportions of seroproteo- 
tive antibody titers, as did fiill-dose vaccine. In contrast, 
antigen-speciflc IFN**y production was reduced in the group 
receiving the 1/1 0th dose, but was restored to approximately 
the same level seen in the fldl-dose group by the addition of 
CPG 7909. This warrants fur^er evaluation as it could be of 
relevance in situations where vaccine d^nand exceeds s\xp~ 
ply owing to fears of increased infection rates or virulence 
in a particular influenza season. 
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Abstract 

€ertain oUgodeoxyimclotides with CpG motifii provide enhanced immune response to co-deUvered antigens. We performed a phase I, 
observer-blinded, randomized study in hesdthy anti-hepatids B surfoce antigen (anti^HBsAg) antibody negative eu^ts to explore safety 
and nnmuaogenicity of co-injection of recomb^sant HBsAg combined witii an imnninostimnlatory DNA sequence (ISS) 1018 ISS. Four 
ISS dosage groups {N 12 per group) were used: 300, 650, 1000 or 3000 ^g. For each group, two controls received 20 |xg HBsAg alone, 
two controls received ISS alone, and eight subject received ISS + 20 |ig HBsAg. Stbjects received two doses 8 wqsks s^wxt. Ii^ection site 
reactions (tenderness and pain on limb movement) were more frequoit at hi^er ISS Hr HBsAg do^ but wfere maii^ mild and of short 
duration. Higher anti*HBsAg antibody levels were associated with hisb^ ISS dosjes. Four weeks after the first dose, a seroprotectcve titer 
(> 2 0 mlUM) was noted for 0, 25, 75, and 87^% of subjects by increasing ISS dp^ 

1 month after the second dose this increased to 62.5, 100, 100, and 100%, respec^ely. Geometric mean anti-HBsAg antibody levels by 
increasing ISS + HBsAg dose were 1 .22, 5.78, 24.75, and 206.5 mlU/nU after the Urst dose and 65 J7, 877.6, 1545, and 3045 mlU/ml after 
the second dose. We conclude that 1018 ISS + HBsAg was well tolerated and immunogenic in this phase I study in healthy adults and may 
offer the potential for enhancement of hepatitis B virus (HBV) immunization and protection Mter one or two doses or in individu^ who 
M to respond to the standard vaccine regimen. 
O 2003 Clscvier Science Ltd. All rights reserved. 

Keywardsi Hcjotxds B vacdiie; l'ttrmyn ft^"*"1"*<ffy sequence; CpO motifi; Ranilomizcd coidroUed trial 



1. Introdnction 

Hepatitis B virus (HBV) causes acute and chronic infec- 
tion in humans ai2d is responsible for substantial morbidity 
and mortality [1,2]. Although ordy S-15% of acutely in- 
fected yoimg children and 33-50% of older children and 
adults will manifest clinical illness, 5-10% of adults and as 
high as 90% of vertically infected infants will become chron- 
ically infected [3]. Chronically HBV hifected individuals 
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are at increased risk of subsequent development of hepato- 
cellular carcinoma [4], Woridwidb^ it is estunated feat 5% of 
the world's population has chronic HBV infection and feat 
500,000 to 1 nullion people die. aimuaily from HBV-related 
liver disease [5]. Universal Immunization against HBV 
is recommended throughout fee world and is effective in 
preventing maternal to infant transmission and chronic in- 
fection, and in decreasing fee incidence of hepatocelltilar 
carcinoma [6]. 

Currently available HBV vaccines in Norfe itoerica 
and Europe consist of recombinant hepatitis B sur&ce 
antigen (HBsAg) adsorbed to ahimmum hydroxide or alu- 
minum phosphate. Protection against tUsease is associated 
wife post-immunization antibody levels agamst HBsAg of 
>10mIU/ml [7], Protoctive levels are achieved m .9i)% or 
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more healtliy adults after a three-dose series of vaccine given 
at 0, 1, and 6 montiis although rat^ of seroprotection are 
lower with increasing age, obesity, and in those who smoke 
[8]. Although acceierated S-montii schedules (0, 1, and 2 
months) are routmeiy used in some jurisdictions, higher an- 
tibody levels are acUeved with longer intervals between the 
second and thkd icrjection [9]* TWo-dose regimens with an 
interval of at least 4 months between doses have been eval- 
uated for use in adolescents in whom the need for multiple 
doses may lead to decreased compliance with completion 
of the immunization series [10]. Similarly, in the develop- 
ing world where hepatitis B remains a sig^cant cause of 
morbidity and mortality, a single-dose regimen or an accel- 
erated two-dose regimen would be useful to increase rates of 
HBV immunity [1 1]. A more unmunogenic vaccine is also 
needed which would be efifective b high-risk individuals 
who &il to respond to the standard immunization series. 

Immunostimulatoiy DNA sequences (ISS) are emerging 
as useful tools for modulating immune responses. ISS are 
compon^ts of bacterial but not vertebrate DNA that have 
potent NK activation and interferon-inducing properties 
[12] which can be r^oduced by oertahi synthetic oligonu- 
clotides containing CpG motifs [13,14]. ISS stimnilate the 
production of Thl-type cytokines such as .IL-12 and in- 
terferons from a variety of cells such as dendritic cells, 
macrophages and NK cells [15-17]. ISS also stimulate 
B-cell proliferation and immunoglobulin secretion [18-20] 
as well as activation of antigen presenting cells [21,22]. ISS 
have potent Thl adjuvant properties when used for immu- 
nization with DNA [23,24] or protein [17,25-27] vaccines. 
We studied the safety and immunogeoicity of a 22-m6r 
synthetic, phosphorothioate oligodeoxyribonuclotid& im- 
munostimulatoiy sequence (1018 ISS) co-administered with 
HBsAg m healthy adults. 

2, Materials and methods 
2./. Vaccine 

Study products consisted of 1018 ISS (sequence 5'- 
TGACTGTGAACGTrCGAGATGA-y; Dynavax Ttech- 
nologies, Berkeley, CA) alone and in combination with 
yeast recombinant HBsAg without aluminum hydroxide ad- 
juvant (Rhein Americana S A., Buenos Aires, Argentina). 
Study products were stored at -60 or below and used 
withhi 8h of thawing, and were diluted with sterile phos- 
phate buffered saline to achieve the desired concentrations. 
Study vaccines were reconstituted by the study pharmacist 
to contam 300, 650, 1000, or 3000 (Jig of 1018 ISS alone or 
mixed with 20 |jLg HBsAg. 

2.2. Populations 

Healthy adults between 18 and 55 years of age were 
eligible if they had no history of hepatitis B infection or im- 



munization with hepatitis B vaccine, had negative tests for 
HBsAg and antibodies against HBaAg and HBcAg. Individ- 
uals were excluded from enroUment if they \^ere pr^;nant 
or unwilling to use effective contmoeption during the study, 
had clinically significant acute or chronic diseases, had any 
immunosuppressive disorders or medication, had prior hy ec- 
tion ofDNA plasnuds or oligonuclotides, had behavioral risk 
factors that might hove resulted m recrot exposure to h^ ■ 
atitis B virus, had received blood product^ or immunoglob- 
ulin within 3. montl^ of study entry, had a history of 
sensitivity to any component of the stody vaccines or had ab- 
normalities of screening blood chemistries, hematology, or 
urinalysis. 

2.5. Study design and procedur&s 

The study was designed as a single center, randomized, 
controlled, observer-blinded, dose escalating study in 48 
healthy adult volunteers. Written, informed consent was ob- 
tained from all participants prior to any study procedure; 
the study was proved by the Research Ediics Board of the 
IWK Heal& Centre, Mifax, NS, Canada. The first 12 par- 
ticipants were randomly allocated in a ratio of 2i2:8 by com- 
puter generated list to receive either 20 (ig HBsAg, 300 fig 
1018 ISS, or 20»ig HBsAg + 300|vg 1018 ISS. Only the 
study pharmacist who mixed the vaccines at die time of im- 
muni2ation and \^ was not involved in any other aspects 
of the study was aware of the vaccine aUocadon. Hie 'sec- 
ond cohort of 12 participants wza randomly allocated to re- 
ceive 20 M.g HBsAg, 650 ^8 ISS, or 20 M.g HBsAg -¥ 650 
1018 ISS in a ratio.of 2:2:8. Dose eiscalation occurred af- 
ter review by &e investigator, sponsor, and an independent 
medical monitor of the safety results of the cohort who bad 
received the previous dose level The third and fourth co- 
horts of 12 subjects received 1000 or 3000 jig 1018 ISS 
with or without 20(ig HBsAg, r^iiectively, in the same 
ratio. 

T(vo doses of the same vaccine wereg^ven as intramuscu- 
lar injections mto opposite deltoid mnscles 2 months ^art 
Participant were monitored by stwty persomiel for 36min 
after the nmnimization for a^y immediate adverse events and 
by the subjects themselves using a synqitom diary for 7 days 
post-immunization. Participants were instructed to measure 
their ten^orature daily and to asse^ specific injection site 
adverse events (redness, swelling, wannifa, tenderness, pain 
with arm movement) and systemic adverse events (chills, 
headache, muscle aches, Mgue, nausea, vomiting, diarrhea, 
joint pain); all reports of other adverse events w^ collected 
and cat^orized by body systeni Serious adverse events 
were defined as events that were fetal or life-tiireatening; 
caused or prolonged hospitalization; resulted in a isig- 
nificaht, persistent, or permanent disability; produced a 
congenital anomaly; or required intervention to prevent 
permanent unpairment or dmnage. Solicited adverse events 
were either measured (fever, redness, swelling) or catego- 
rized as mild (awaren^s of symptom but easily tolerated), 



SA, Ha^erin eS al/ntc 

moderate (discomfort enough to cause interference with 
usual activity)^ or severe (incapacitating with inability to 
work or do usual activi^}. Adverse events were collected 
by stxiSy petBOonel during.visits 7 and 28 days after each 
inununizatioiL * 

Blood was collected by venipuncture inmiediately be^ 
1 week and 1 month after each dose of vaccine far mea- 
surement of serum biochemical and hematological param- 
eters, complement (C3 mid C4), erythrocyte sedimentation 
rate, and antinticlear and anti-single stranded ml -double 
stranded DNA. Serum* antibody response to HBsAg was 
measured by enzyme iimmmoassay (AUSAB EIA, Ab- 
bott Laboratories, Abbott Park); all testing was performed 
in a blinded &shion on code labeled, notched pre- and 
post-immunization seraJ Ail anti-]^sAg antibody levels 
were expressed as mlU/xnl. At the completion of the study, 
licensed hepatitis B vaccine was provided to participants 
who had not achieved aiotibody levels > lOOmllJAnL 

2*4* Data analysis and statistical considerations 

Adverse events were tabulated by time (day) and by sever- 
ity (mild, moderate, and severe). Thp maximum size and 
severity was used within each time period. Gini cally signifi- 
cant reactions were defined as measured reactions > 1 0 mm, 
fever >38**C, and severity > moderate for other symp* 
toms. Severe reactions were defmed as measured reactions 
>S(^inm, fever >3?°C, and severity "severe" for all other 
symi)toms,.Ixy ection sit^ r^ctiptis were combined to give an 
"any local" reaction category and aU other ructions com- 
bined to give an ''any general** reaction. The proportion of 
subjects having an adverse reaction was ^timated by vw> 
cine group, observation period and severity. Binomial dis- 
tribution point estimate and 95% confidence intervals were 
used to estimate each rate; percentage were compared by 
Fisher^s exact test P < 0.05 was considered statistically 
significant; no adjustments were made for midtiple compar- 
isons. 

Geometric mean antibody levels and 95% coi^dence 
intervals were estimated pre- and post-immunization and 
conqsared across groins by ANOVA; linear regr^ion was 
used to assess trend across dose level. The proportion of 
each vaccine group achieving seroprotective antibody lev- 
els (>10mIU/nil) post-immunization was compared by 
Fisher's exact test 

Itie primary outcome of the study was the proportion 
of subjects reporting specific post-injection reactions. The 
secondary outcome was tiie proportion of subjects seropro- 
tected after immunization and the geometric mean antibody 
level. As this was a phase I, first-in-human clinical trial, 
no formal hypothesis testing was plaimed and no formal 
sample size calculation was performed; however, each treat- 
ment grotq) sample size (ei^t participants) ensured that the 
probability of detecting at least one adverse event in the 
group was 0.73, provided tiiat the true adverse event mte 
exceeded 15%. 
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Demogrtqjhics 

A totd of 74 subjects provided written, informed con- 
sent and underwent pre-study screening; reasons fbr ''screen 
failures" included persistentiy abnormal baseline biochem* 
istiy or hematology tests [14], pre-ei^sting antibody agmnst 
hepatitis B virus [4], hypertension [1], mab^ity to contact 
after the screening visit [2], withdrawal of consent [1], tar- 
get enrollment reached before subject could be scheduled 
[4]. Tlie remaining 48 participants were randomized and re- 
ceived study drug; all but one completed the study. The mean 
age of participants was 33 years (range 18-52 years) and 
63% were women. There wm no differences in the age or 
gender distribution amongst the vaccine g^ps. All but one 
participant conq>leted participation in the study; one subject 
wititdrcw consent because of adverse events ^er the fb:st 
injection. 

3*2, Adverse events 

3*2 J, Clinical adverse events 

No adverse events were reported in the first 30rain after 
injection. During the first 7 days after each 4pse, solicited 
adverse events were common; an adverse event was resorted 
after the first dose by 2 (25%) HBsAg recipients, 6 (75%) 
of the combined ISS recipients, and 5 (62.5%) of the 300 p.g 
ISS+HBsAg recipients, aad 7 (87.5%) of each of the 650 ^g, 
1000 iig, and 3000 Jig ISS-hHBsAg recipients (P = 0.04 for 
die comparison of the latter 3 with HBsAg). After tine sec- 
ond dose, solicited adverse events of any type were reported 
by 5 (62.5%), 5 (62.5%), 3 (37.5%), 1 (12.5%), 5 (714%) 
and 5 (62.5%) {P not significant for all cc»nparisons). Both 
local and systemic adverse events were reported (Tibbie 1). 
Injection site adverse events were for the most part reported 
within the first 24h a;fter the injection whereas the more 
non-specific systemic adverse events (such as headache, di- 
arrhea) were reported tinoughout the fkst 7 days after the in- 
jection (data not shown). Mid tenderness at die iiyection site 
and mild pain on motion of the mjected limb were die most 
conmionly reported adverse events and were sigruficantly 
more frequent in the 1000 ^,g and 3000 ixg ISS + HBsAg 
groups for tenderness and the 3000 |jig 4- HBsAg group for 
motion pain; these events were short and self limited and did 
not require any medical treatment or intervention. There was 
a significant ISS dose-related trend for increased tenderness 
(P ^ 0,01) and pain on lunb motion (P = 0 05). Warmth at 
the injection site was only reported by three partici$>ants (one 
each in the HBsAg alone, 300 iig ISS-I- HBsAg and 1000 |xg 
ISS -h HBsA^ groups). Only one severe (>50 mm) mjection 
site adverse event (redness) was reported; r^lness of 50 mm 
was reported after tiie first dose of 1000 |xg ISS + HBsAg 
and resolved with 24 h without tr^tment Ii\jection site ad- 
verse events did not increase with the second dose compared 
to the first 
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l^le 1 

Adverse events reported within 7 days after each of two doses of HBsAg and/or 1018 ISS and/or HBsAg tombined with vaiybg qustxtiUes of 1018 ISS 
in 48 healthy adult volunteers 



Adverse event • Dose Severity 



Vaccine number (%) reporting odveiBe event 











tisaAg 
(JV»8) 


nDS/Vg + JUu (ig 
ISS (iV»8) 


noSAg + o50 iHg 
ISS (N s 8) 


msAg + 1000 
ISS (^ o 8)^ 


HBaAg 4''3000|Ag 
ISS (V »: 8) 


Redness 


1 


Any 


0 


0 


0 


0 


1 (12.5) 


1(123) 






Modeiste/severe 


u 


u 


0 


0 


1 (123) 


1 (123) 




2 


Anv 


0 


I (125) 


1 (1231 


0 


2 (28.Q ' 


Q 






ModeiHte/severe 


0 


Hl2i) 


1 (123) 


0 


1 (143) 


0 


SweUtng 




Any 


0 


0 


1 (123) 


• 

1 (123) 


1 (123) 


0 






Moderate/seveie 


0 


0 


1 (123) 


1 (123) 


1 (123) 


0 




2 


Any 


Q 




A 
V 


u ■ 


I (143) 


0 






Moderate^severe 


0 


0 


0 


0 . 


0 


0 




1 


Any 


3 (37 J) 


0 


2(25) 


I (123) 




5 (62.5)^ 






MwsranvsjBVBre 


I (12.5) 


0 


0 


0 


0 


1 (123) 




2 


Any 


1 (12^ 


2 (251 


1 (123^ 


0 










Moderota/severe 


0 


1(123) 


0 


0 


1 (143) 


0 


Pant on movenu 


EXu 1 


Any 




1 (IZJ) 


2 {25} 


3 (37.5) 


5 (623) 


6(75y 






ModenUie/severe 


0 


0 


0 


0 


0 


0 




2 


Anv 


3 (37 J) 


J (12.5) 


0 




3 f 42 91 








Moderak/severe 


0 


0 


0 


0 


2(28.6) 


1 (12.5) 


Muscle aches 


i 


Any 


u 


2 (25) 


1 (12.5) 


2 1(25) 


I (123) 


3 (373) 






Moderate/severe 


A 
W 


J (IZ5) 


0 


0 


1 (123) 


0 




2 


Anv 


0 




Q 


Q 


n 

V 


* (1*3) 






Moderate/sevBTB 


0 


0 


0 


0 


0 . 


0 


Headache 


1 


Any 


1 (12^) 


1 (12.5) 


3 (37,5) 


4(50) 


5(623) 


1(123) 






Moderate/severe 


0 


0 


2 (25) 


0 


2(25) 


0 . 




t 

• i 


Any 






3 (37 J) 


0 


2 (28.6) 


0 , 






Moderate/severe 


0 


2(25) 


3 (373) 


0 


2(28.6) 


0 


Fatigue 


\ 


Any 


0 


1(12.5) 


0 


3 (373) 


4(50) 


2(25) 






Modetste/severe 


0 


0 


0 


1(123) 


1(123) 


1 (123) 




2 


Any 


0 


1(123) 


0 


0 


I (143) 


0 






Moderate/severe 


0 


0 


0 


0 


1 (143) 


0 


Nausea 


I 


Any 


0 


0 


0 


0 


3(373) 


1(123) 






Moderate/sevcm 


0 


0 


0 


0 


I (123) 


1(12.5) 




2 


Any 


1(123) 


0 


1 (123) 


0 


2 (28.6) 


1(123) 






ModeiBie/severe 


0 


0 


0 


0 


0 


0 


Jomt pain 


1 


Any 


Q 


1(125) 


1 (123) 


0 


0 


1(123) 






Modeiate/sevenB 


0 


0 


0 


0 


0 


0 




2 


Any 


0 


2(25) 


0 


0 


1 (143) 


1 (123) 






Moderate/severe 


0 


0 


0 


0 


0 


0 



^ Includes all paiticipants who received ISS alone (two volunteers per ISS concentration). 
^Only seven particqiaBts in this group received the second iiyection. 
^P< 0.001 for comparison with HBsAg. 
^Ptet 0.03 for conqiarison with HBsAg. 
' P s 0.04 fbr comparison with HBsAg. 



Headache was the most commonly reported solicited sys- 
temic adverse event but was not associated with any particu- 
lar study product or dose (Table I). Fatigue and muscle aches 
were also commonly reported but again there were no dif- 
ferences between the study groups or doses. Fever (38.9*C0 
was reported by one recipient of HBsAg alone with onset 
>72h after the second injection; there were no reports of 
vomiting. Chills (all mild) were reported by one recipient of 
the 650 Jig ISS + HBsAg, 1000 fig ISS + HBsAg, and two 
recipients of HbsAg (both >24 h after the second dose); diar- 



rhea (none severe) was reported by one each recipient of ISS 
alone, 300 |xg ISS+HBsAg, 1000 (jig ISS-hHBsAg and two 
recipients of HbsAg alone; three of the Ave wm reported as 
moderate and aU had onset >24h after the injection. Three 
of the systemic adverse events were desmbed as severe 
eluding nausea with onset >72 h after the first dose in a re- 
cipient of 1000 Jig ISS+HBsAg, headache wife onset >72 h 
after fee first dose in a recipient of 300 ^g ISS + HBsAg, 
and fatig;ue wife onset >24h after fee first dose in a recip- 
ient of 650 \kg ISS + HBsAg. All systemic adverse events 
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resolved within' 24 h and none required treatment of medical 
intervention. There were no difEerenc^ amopgst tibie groups 
in unsolicited adverse events. 

7b^ were no serious adverse events dqring Ifae stud/. 
One subject withdrew consent after reporting injection site 
swelling and erythema and moderate disorientation* dizzi- 
ness, myalgia, md fetigue and mild shortness of bieath sev- 
eral hours after the fujst injection wiA 1000 \l% ISS+HBsAg; 
aU syn9)toms resolved within 72 h of the injection. 

3.2*2, Laboratory abnormalities 

Mid abnormalities in clinical chemistries and hematology 
values were demonstrated in participants during the study; 
however, there was no discemable pattern or association with 
a spediic study product Immediately prior to &e second 
dose (56 days after the fst^ dose), 5 (62.5%) of 8 partici- 
pants in tiie 3000 ISS + HBsAg g^ had mildly ele- 
vated ALT (mean 42.5 u/nd, maximum 72u/ml; laboratory 
nonnal range 5-35 u/ml for females* 10-40u/nil for males) 
and AST levels (mean 36.5 u/ml, maximum 61 u/ml; labo- 
ratoiy.normal range 5-35 u/ml for females, 10-45 u/ml for 
mal^); of these, 3 (37.5%) and 1 (25%) were still mUdty 
eleva^ 1 week after the second dose. Changes in comple- 
ment levels or development of antinuclear or anti-DNA an- 
tibodies were not observed during the study. 

3,3, Antibody response 



At baseline, all participants were seronegative for 
anti-HBsAg antibodies (Table 2). No participants who were 
immunized with ISS alone developed antibodies against 
HBsAg. A total of 2 (25%) of tiie 8 recipients of HB- 
sAg atone (without ISS) developed measurable antibodies 
(setoresponded) against HBsAg whid) were only detectable 
4 months post-dose 2; neither participant was seroprotected 
(titer <10mIU/ml). 

AU but one participant inomunized with ISS -h HBsAg re- 
sponded to HBsAg with measurable antibody levels (a par- 
ticipant hnmunized with 300 p.g ISS -h HBsAg). All but two 
were seroprotected (the 300 \s,% ISS + HBsAg recipient and 




ifil 

ill lip 



Fis- 1. Propoxtion of partidpattts achieving a pirotective antibody level 
(>10fflIU/inI) at various time points after immaxtetian with ttaky vas- 
emes. Time poiols are (by increauDg dsrkness of bar shade) 7 days after 
dose 1, 28 days after dose 1, 56 days after drae 1 (immediately prior to 
dose 7 days after dose 2. 28 days after dose 2, 4 tnonths after dose 2. 



a 1000 ISS + HBsAg Tecipient who withdrew from the 
study after a single dose of vaccme). A statisticdly signiii- 
cant dose-related trend wa^ demonstrated for both amplitude 
of the immune response and the rapidity of achievmg en im- 
mune response (geometric mean titer, P < O.OOi). At &e 
highest dpse level administered (3000 \l% ISS + HBsAg), a 
geometric mean titer of 206.5 mlU/ml wasf achieved 23 days 
after flie first dose and 1429 and304SmIU/raI 7 and 25 days, 
resp«!tively, after dose 2. At this dose level, 3 (37-5%) of 
8 participants w^ seropiotected 7 days after the first dose 
which increased to 7 (87.5%) of 8 1;^ 28 days post-dose 
1; dl parddpants in the group were seroprotected 7 days 
after ^e second dose (Fig. 1). At the next lower dose of 
ISS + HBsAg (1000 Jig), protective responses were not do- 
tected Eh ^e 7*day post-^ipse 1 saoqile but six of the eight 
participants achieved protective levels by 28 days afto* the 
first dose and all seven participants were seroprotected prior 
to the second dose (the eightii participant withdrew from 
the study before receiving the second dose). With the two 
lowest doses of ISS, the ta^oAty of participants required a 
second dose to achieve protective levels. 



liable 2 

Geometric mean anti-^HBsAg antibody titer after each of two (bses of HBaAg and/or 1018 ISS and/or HBsAg combined with vaiyiag qiuaittities of lOlS 
ISS is 48 healthy adult volunteers 

Time post-immumjmtiQD Vwcine geontetrio mean antibody titer (95% confidence interva)) 



tSS (AT » 8) HBsAg 



HBsAg + 300 ^.g 



HBaAg + 6S0 p^g 
ISS (JV«8) 



HBaAg + 1000 lig 
ISS (iV« 8) 



Baseline (pie-dose 1) 
7 days post-dose 1 
28 days post^dose 1 
FcBNdose 2 (56 days 

post-dose 1) 
7 days post-do&e 2 
28 di^ post-dose 2 
4 months post-dose 2 



1.00 (1.0-1.0) 
1.00 (1.0-1.0) 
1.00 (1.0-1.0) 
1.00 (1.0-1.0) 

1.00 (1.0-1.0) 

1.00 (l.Or-1.0) 

1.00 0.0-1.0) 



1.00 (1.0-1,0) 
l.(K) (1.0-1.0) 
1.00 (1.0-1.0) 
1.00 (1.0-1,0) 

1.00 (l.Oul.0) 
l.OO (1.0-1.0) 
132 (0.86-2.01) 



1.00 (t.6.1.0) 
1.44 (0.61-3,37) 
IJU (0.76-1^7) 
1.19 (0.79-1.79) 

2.83 (0.89-9.01) 
65 J7 (6.63-644^ 
83.24 (16.18-428^)* 



1.00(1.0-1.0) 
1.00 (1.0-1.0) 
5.78 (1.72-19.43) 
4.27 (1.18-15.47)*' 

82.37 (27.4«47.2)» 
877.6 (326.0-2362)" 
756.0 (253.2-^7)" 



1.00 (1,0-1,0) 
l.W) (1.0-1.0) 
24.75 (4.7-130,4)" 
46.59 (23.34-93.01)"* 

316.1 (l335-748.8)« 
1545 (6893-3463)* 
1713 (6993-4196)* 



HB&Ag -f-3000)tg 
ISS (JVb8) 

i,ool;uo-KO) 

10.76(0,53^219,2)" 
2063 (13.49-3160)* 
84.42 (9.87-722.1/1 

1429 (256.8-7954)* 
3045 (641.8-14446)* 
1206(244,8^3939)* 



* i> < 0.001 fbr comparison with ISS alone or HBsAg. 
^ P s 0.04 fbr cotnparison with ISS alone or HBsAgt 
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4. Discossioii 

The results of this phase I study in(Ucate that all dose lev- 
els of 101 8 ISS+HBsAg vaccine were well tolerated (except 
in one individual who withdrew consent because of the lo- 
cal and systemic adverse events) and immimogemc in these 
healthy adults. Althongh aU four ISS -f-HBsAg doses t^ted 
were more inuminogenic than HBsAg alone, the 1000 and 
3000 }ig doses mdnced rapid and high antibody levels af- 
ter one or two injections, bijection site adverse events were 
mostly mild, of short duration, and self-limited, and tended 
to increase with increasmg dose of 1018 ISS; however, ad- 
verse events did not increase in frequency with the second 
dose. Injection site adverse events were reported more fre- 
quently in participants who received 1018 ISS compared to 
those immunized wl^ HBsAg done whereas systemic ad- 
verse events were reported with similar frequency amongst 
all study participants. Pain at die injection site and limi- 
tation of limb motion were the most frequent events, re- 
ported in as many as S0-^7.S% of pi^cipants. Although 
these rates may appear high, in part this may be a result of 
the active surveillance involved in a phase I study. Concur- 
rent conqiarison with a licensed HBV (contaming adjuvant) 
would be informative as th^e vaccines have an acceptable 
injection site adverse event profile under routine use. The 
rates of injection site adverse events in this study were sim- 
ilar to diose reported by otiier investigators with licensed, 
alum adjuvanted HBV [28] and from ^s center with a li- 
censed diphtheriar^etanus toxoid vaccine studied using sim- 
ilar surveillance methods [29]. 

Although a concurrent licensed HBV control would have 
been ideal, comparison of the antibody responses achieved 
in Uiis study to diose reported with licensed vafxines is less 
problematic. In this study, 13 (81%) of 16 participants who 
received 1000 or 3000 fig 1018 ISS demonstrated protective 
levels of anti-HBsAg antibody 28 days after the first injec- 
tion and 100% seroprotection after the second dose, iising 
an immunization mterval of 2 monthsrBy c^mparisofiy'li- 
censed HBV is Tq>orted to elicit a seroprotective response 
in up to 20% of healthy young adults after the first dose and 
up to 71% of recipients 1 mon^ after tibe second dose with a 
less effective 1 month interval [28,30-34]. Geometric mean 
antibody titers vntfa licensed HBV given on a 0, 6 months 
schedule were reported as 1203 miy/tnl 1 month after the 
second injection [34] compared to 1545 and 3045mIU/ml 
for 1 month after the second 1000 and 3000 ^-g 1018 ISS 
doses, respectively, in this study; Geometric mean antibody 
titers 1 month after a single dose of 3000 (jig ISS + HBsAg 
were 206mIU/U compared to 5-27mIUAnl 1 rnontii after 
a second injection on a 0, 1 month schedule with licensed 
HBV [31,35]. High anti-HBsAg antibody titers were main- 
tained 4 months after the second dose of ISS -h HBsAg 
with no decrease in antibody levels in recipieiits of 300, 
650, or 1000 M-g ^S + HBsAg and levels still exceeding 
lOOOmlU/ml in recipients of 3000 |Ag ISS+TOsAg, despite 
some decrease in GMT. 



Pre^Unical studies demonstrated activity of 1018 ISS 
hi mice, rabbits, dogs, and non-human primates (baboons, 
cynomolgus monk^s) witii induction of a Thl type of cy- 
tokme response in mice [36]. In primate studi^ with 1016 
ISS, similar rates of seroprotection were achieved with a sin- 
gle dose of 101 8 ISS + HBsAg [36]. Although hi a prelim- 
inary communication enhanced umnnnogetucity of asotiier 
CpO co-administered with alum-adsorbed HBV has been, 
reported in huma^ [37], this is tiie first report in humans 
using CpG as. the solp adjuvant with HBsAg. 

The accelemted antibot^ response and mcrease antibody 
titers elicited after one or two doses huUcate that the 1018 
ISS -1- HBsAg vaccine may be useful in immumzdng difiS- 
cult to access populations such as adolescents, individiuds 
witii high-risk behaviors that mcrease their risk of hepatitis 
B, healtii cscre workers, and children m develophig nations. 
Other potential uses for a hepatitis B vaccide with mhanced 
immtmogenicity would be populations known to be hypo- 
or non-responders such older individuals, rencd dialysis 
patients, smd itiunuzie compronused hosts [3&-41]. The re- 
sults of this phase I study siqiport further studUes with 1018 
ISS+HBsAg in healthy adulti and hypo- and non-responders 
to licensed hepatitis B vaccines. * 



Acknowledgements 

The authors tibank the staff of the Clinical Trials R^earch 
Center for then* careful perfrmxmnce of the study. The study 
was si^^orted by Dynsvax Technologies Corporation. Dr. 
Halperin and Dr. Smith have no frruoicial. interest in the 
product and have no other conflicts of inters Dr. Van Nest, 
Dr. Eiden, Ms. Abahi, and Ms. Whiley are employees of tiie 
mann&cturer of the product 



References 

[1] Centen for Disease Cootro] and PreveotioiL Hqatitis B. \acci- 
natioiH-Unhed States, 1982-2002. MMWR Mosb Mcma] Wldy Rep 
2002;31;549-ti3. 

[2] Liee WM. Hejrathis B vims iniixdon. N Engl J Med 1997;337:m^ 
41 

[3] McMohon BJ, Alwaid WL. Hall DB^ Heyward WL, Bender TK. 

Francis DP, et al. Acute hepatitia B vinis infectioa: lelation of age 

to the dinica] eKprBSsion of disesse and subsequent development of 

the earner state. J lafeet Dis 19SS;151:399-6Q3. 
[4]Beasley RP, Hwang L-Y. Overview on the epidemiology of 

bepatpeellular carcinoma. In: Hoilinger FB, Leaum SB, Margolis 

HS, editors^ Viral hepatitis end liver d3«ease. Baltimore: WtUiams & 

WUldns; 1991. p. 532-5, 
[S] Maynord J6, Kane MA. Alter Ml, Haider SC. Control of hepatitis 

B by immunizatioa: §l6bal penpectives. In: Vyus ON, Dienstag JL, 

Hoofiiagle JH, edttors. Viral hepadtis and liver disease. New York: 

Gfune & Stratton; 1988. p. 967-9. 
[6] Huang K. Un S. Nationwide vaccination: a success stoiy m Ibiwa^. 

V^cdne 2000;18(S^ppl l):S35-8. 
[7) Szmuncss W, Stevens CE. Harley EJ, Zang EA, Oleszko WR, 

Wniioro et d. Hepatitis B vaccine: dsmonstretion of efficacy 



SA. Halpenn et oL/Vticeine 2 J (ZOOS) 246M467 



2467 



in a controlled' trial in a high risk populatian to the U.S. N Engl J 
Med 1980-^03:835^1. . 
[8] A^idre FE Summary of mSkty and efficacy data on a yea5t*derived 

hqntitia B vaccine. Am J Med 1989;87(5u]^l 3a):39-4S. 
[9] Mahoney FJ, Kane M. Hepatitis B vaccine. In: Plotkin S A> preostetn 
WA, editors. V^hes. Philade^Iua: Saimdets; 1999. p. 158-82. 

[lOj Cassidy WM, Wtotm B, loli VA, wniiams K, Bird S, West DJ. 
A tandomized trial of altemative two* end throe-dose hepatitis B 
vaccination regimens in adolescents: ontibody lesponses, safety, and 
immanologto memory. Pediatrics 200 1;1 07:626-3 1 . 

[11] Centers for Disease Control and Preventipa Hepatitis B vacciaa- 
don among Jil^risk adolescents and adultSr-San Diego, Califor- 
nia, 1998-2001. MMWR Mmb Mmtal Wldy Rep 2002;31: 
618-21. 

[12] Yamamoto S, Yamamoto T, Slumada S, Kmamoto E, Yano O, 
Kataoka T, et aL DNA from bacteria, taut not from vertebrates, 
induces interfbrons, activates natoral Idller cells and inhibits tumor 
growth.. Microbiol bmmmol , 1992;36:^83-7. 

[13] Yamamoto S, Yamamoto T, Kataoka T, Kuramoto E» Yano O, 
Tbkmiaga T. Uniq[ae paBsdromlc se(jpiencesi{n synthetic oligonucleo- 
lidss ore requhed to hidnce IFN and angment IFN^mediated oatmBl 
ksUer activity. J Immmml 1^:148:4072-6. 

[14] Soneham K, Saito H, Kiuamoto E, Yamamoto S, Yamamoto T, 
Tbkonaga T. Hexamer palindromic oligomicleotideB with 3'-CO-3' 
motifs) induce pidduetion of interfeijon. J Intaifbron Cytokine Res 
1996;I6.-799^. * 

[15] Halpein MD, Kurlander RJr Piseteky DS. Bacterial DNA induces 
murine interferon-gamma production by etimuktion of htterleukin-n 
and tomor necrosis fector-alptu. Cell ImDOunoI 1996;167:72^. 

[16] KUnmao DM, Yt AK^ Beaucage SI^ Conover J, Krieg AM. CpQ 
motifi present in baj^eria DNA i^iidly induce lymphocytes to secrete 
interleukin 6, interieukin 12, and int^^n gamma. Proo Natl Acad 
Sea USA 1996;93:2879-83. 

[17] Roman M, Maithi-OzQ^ E, Ccpdman . JS, Nguyen Mp. Sato Y, 
Rona^ A, et aL Immunostimulatoxy .DNA sequencer function as 
T he^per-l-promoting adjuvants. Nat Med 1997^:84^54. 

[18] Kiieg AM, Matson S, Fisher E. Qligodeoxymteleotide modifica&'ons 
detemdne the magnimde of .B cell stimulation by CpG motifii. 
Antisense Nucelic Acid Drug Dev 1996;6:133*-9. 

[19] Krieg AM, Yi AK, Matson S, Waldschmidt TJ, Bishop OA. Teasdale 
R, et al CpO motifi in bacterial DMA tn'gger direct B-cell activation. 
Natnre 1995;374:546-9. 

[20] Liang H, Nishioka Y, Rdcb CF, Pisetsky DS, Lipsky FE. Activation 
of human B cells by phosphoiothioate oligodeoxynucleotides. J Qio 
Invest I996;98:m9-29. ^ 

[21] Hartmann Q, Weiner 0J| Kiieg AM. CpO DNA: a potent signal for 
growth, activation, and maturadon of human dendritic cells. Proc 
Natl Acad 5d USA 1999;96:9305-10, 

[22] Martb-Oiozco E, Kobayashi H, Van Uden J, Ngoyen MO, 
Kombhith RS, Raz E. Enhancement of antigen-presendng cell soi&ee 
molecules involved in cognate interactioas immunostlmidatory 
DNA sequences, bit Immunol 1999;n:lin«8. 

[23] Klinman DM, Yamshdukov O, Ishigatsubo Y. Immunostunulatoiy 
DNA sequences necessary for effective oitmdcmaal gene immuniza- 
tion. J Immunol 1997;1 58:3635^. 

[24] Sato Y, Rcanan M, llghe H, Lee D, Coxr M, Nguyen MD. 
et aL Immunosdmulstory DKA sequences necessary for efibctive 
intradermal gene immunization. Science 1996;273:3S2-4. 

[25] Weiner CJI, Liu HM, Wooldridige JE, Dahle CE, Krieg AM. 
ImmuQOStimulatory oligodeoxynucleotides containing the CpQ motif 



are efibcdve as imnnxne adjuvants is tumor antigen immunization. 

Proc Natl AoadSci USA i997;94:lCS33-7. ' 
[26] Cbu RS, Tbxgoni 05, Kiieg AM, h^acsaaa PV, Haiding CV. CpO 

oiigodemcynueleotldes act as a^Sixvants that switch on T helper 1 

Crbl) hnmunity. J Exp Med 1997;186:1623«31. 
[27] Davis Ht, Weeranta R, Waidschmidt TJ, Ty^tVL U Schorr J, Kricg 

AM. CpO DNA is a potent enhancer of specific himnmity fat mice 

immunfesed widi recambisant hepatitis B suj&ce ontigeiL J Immuzml 

1998;160:87(M. 

[28] Hebiemaa T, Clements-Mann ML, Poland OA, Jacobspn RM, Jzu 
AE, Ssksmoto D, et ol A laiidomked, controlled stu^y in adahs of 
the iramunogenicity of a novel hepatitis B vacdne comahdng MF59 
adjuvant Vaccme 1999; 170769*78. 

[29] Halpsrin SA, Snddi B, SUissell M, t^tsselback F, Quaspariid R, 
SkownmiSki D, et aL An adult fimnufation of a fiv&componant 
Bcellular pertussis vaodne combhied widi ^^phtheria and tetamts 
toKoids is aafe and hmrnmogenlc in adoleseentB and adnlta. Vaccme 
. 2000;18:t312:-9. 

[30] Andre F, Sa&ry A. Summaiy of dhdcal bindings on EngeriK-B 
a genedcally engmeered yeast^riven hepatitis B vaodne. Post;scad 
Med J 1987;63:169-78. 

[31] Miskovsky B, Qershmatt K, Cjemeots Ctxpps T, Calandm O, 
Udsley T, loU V, et a}. Comparative safety and itmmmogenicity of 
yeast recombmant bqotitis B vaccines contafadng S and pre^ + S; 
\%ceme 1991;9:346-50. 

[32] Bryan JP, Craig PO, Rjsyes L, Hakra S, JaramiHo R, Harlan H, et al. 
Randomized compsrison of 5 and 10 ii$ doses of two recombfaisat 
hqptatitis B vaccmea. Vaccine 1995;13:978^. 

[33] W, Schmidt M, Dehihardt F. Vkcdnadon agahist hepatitis B: 
comparison of duee diSerent vaccination schedules. J Infect Dis 
19S9;160:766-9. 

[34] Ambroseh F, Wiedermann O, KuniU M, Lero»c*Roels G, Desombere 
I, Oarcon N, et aL A hepatitis B vacdna formulated with a novel 
B4ravant system. Vsochie 20OO;18OO95^1O1. ' 

[35] Cassidy Wlyl, tVafson B, loU VA, M^lHams K, Bitd S, West DJ. 
A randomized trial of altemative two- and diree-dose hepatitis B 
vacotoatiQD regtmcDS in adolescents; ootibody responses, ea&iy, and 
immunological memory. Pediatrics 2Qbl;107:626^31. 

[36] Van Nest 0, Tlghe H, Raz E, Hi^ns D, 'Haquiiia P, Eiden I. An 
immunoatimulatory oligonucleotide (iSS ODN) enhances .immune 
response to KBV vaccme m a variety of aniroal species inchtdfaig 
piimstBS. In: Proceedings of the 39th Intoscience Conference 
<m Aixtimlcrobial Agents and Chemothei^, Ssri Francisco, 1999 
[Abstract 374], 

[37] Davis H, Cooper CL, Morris ML, Elfer SM, Cameron DW, Heathcote 
J. CpG ODN is safe and Idghly efi&cdve so humans as adjavaot to 
HBV vaccine: prelimiriaiy results of phase I trial with CpO ODN 
7909. In: Procndi^gs of the Third AimdaJ Confereoce on V^ine 
Research, Wi^^dngton, DC, May 2000 [Abstract S25]. 

[38] Denis F, Mourner M, Hessel L, Michel JP, Oimlds N, Dubois F, et aL 
Hepatitis B vacchiadon hi the dd^ly. J Infect Dis 1984;149:1019. 

P9] Heyward Bender TR, McMahon 6J, HaU DB, Francis DP, 
l^er AF, et al. Hie control of hepatitis B virus faifecdoa ^tb 
vaccine in Ynpik Eskhxtos. Am J Epidemiol 1995;121:914-23. 

[40] McLean AA, HiUeman MR, McAleer WJ, Buynak £B. Summaiy 
of woridwide experience with HB-Vx ^) (B, MSD). J JxxUet Dis 
1983;7:95-104. 

[41] Weber Da, Rutala WA, Samsa GP, Santimsw JB, Lemon SM. Obesity 
as a predictor of poor antibody response to bcpadds B plasma 
vaccine. J Am Med Assoc 1985;2S43 187-9. 



Research article 



Rapid and strong human CD8+ T cell 
responses to vaccination with peptide, IFA, 
and CpG oligodeoxynucleotide 7909 

Daniel E. Speiser,^ Panielle Lienard,^'^ Nathalie Rufer,^ Verena Rubio-Godoy,^ Donata Rimoldi,^ 
Ferdy Lejeune,^ Arthur M. Krieg,"^ Jean-Charles Cerottini.^'S and Pedro Romero^ 

^Division of Clinical Onco-lmmunology, Ludwig Institute for Cancer Research, and ^Multidisciplinary Oncology Center, Centre Hospitalier Universitaire 
Vaudois (CHUV), Lausanne, Switzerland. ^Swiss Institute for Experimental Cancer Research, Epalinges, Switzerland. ^Coley Pharmaceutical Group, 
Wellesley, Massachusetts, USA. ^Ludwig Institute for Cancer Research, Lausanne Branch, University of Lausanne, Epalinges, Switzerland. 

The induction of potent CD8^ T cell responses by vaccines to fight microbes or tumors remains a major chal- 
lenge, as many candidates for human vaccines have proved to be poorly immunogenic. Deoxycytidyl-deoxy- 
guanosin oligodeoxynucleotides (CpG ODNs) trigger Toll-like receptor 9, resulting in dendritic cell maturation 
that can enhance immunogenicity of peptide-based vaccines in mice. We tested whether a synthetic ODN, CpG 
7909, could improve human tumor antigen-specific CDS* T cell responses. Eight HLA-A2* melanoma patients 
received 4 monthly vaccinations of low-dose CpG 7909 mixed with melanoma antigen A (Melan-A; identical to 
MART-1) analog peptide and incomplete Freund's adjuvant. All patients exhibited rapid and strong antigen- 
specific T cell responses: the frequency of Melan-A-specific T cells reached over 3% of circulating CD8* T cells. 
This was one order of magnitude higher than the frequency seen in 8 control patients treated similarly but 
without CpG and 1-3 orders of magnitude higher than that seen in previous studies with synthetic vaccines. 
The enhanced T cell populations consisted primarily . of effector memory cells, which in part secreted IFN-y 
and expressed granzyme B and perforin ex vivo. In vitro, T cell clones recognized and killed melanoma cells 
in an antigen-specific manner. Thus, CpG 7909 is an efficient vaccine adjuvant that promotes strong antigen- 
specific CD8^ T cell responses in humans. 



Introduction 

A major goal of cherapeucic cancer vaccines is che induction of 
large numbers of antigen-specific T cell populations with effector 
functions that are able to mediate immune protection. In contrast 
to viruses and other pathogens, vaccines containing recombinant 
proteins or synthetic antigenic peptides usually fail to induce sig- 
nificant immune responses unless they are mixed with adjuvants 
(i, 2), Effective adjuvants display at least 2 mechanisms of action: 
a depot effect that leads to prolonged antigen exposure in the host, 
and a capacity to trigger the innate immune system through acti- 
vation of DCs via Toll-like receptors (TLRs) (3-5). Upon proper 
antigen presentation, activated DCs play a key role in the induc- 
tion of T cell responses (6). Because of their high efficacy, several 
recently identified TLRligands are promising vaccine adjuvants. 

Synthetic deoxycytidyl-deoxyguanosin oligodeoxynucleotides 
(CpG ODNs) contain unmethylated CO motifs similar to those 
observed in bacterial DNA. CpG ODNs elicit a complex immuno-. 
modulatory cascade that includes the production of T helper-1- 
cype cells and proinflammatoiy cytokines (7). CpG ODNs directly 
stimulate DC activation through TLR9 triggering (8, 9), leading to 
enhanced T cell responses specific for coadministered antigens in 
mice (10-14). For example, we have reported previously that addition 
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of CpG ODNs to melanoma antigen A26-3S peptide (Melan-A26-35 
peptide; a widely used antigenic peptide in vaccine trials of HLA-A2* 
melanoma patients) mixed with incomplete Freund's adjuvant 
(IFA) increased Melan-A-specific T cell responses in HLA-A2 
transgenic mice (15). However, the CpG motifs that stimulate the 
murine immune system are suboptimal for stimulating the human 
one. Indeed, TLR9-expressing human cells are susceptible to dis- 
tinct CpG motifs (16-18). The recently described CpG 7909 has 
been optimized to stimulate human plasmacytoid DCs (pDCs) and 
B cells in vitro and in vivo (18). 

Clinical studies have shown that CpG 7909 is a potent inducer of 
human innate immune responses and exhibits a strong adjuvant 
effect when coadministered with vaccines eliciting B cell responses 
against hepatitis B virus (19, 20). In contrast, it remains to be deter- 
mined whether CpG ODNs are efficient adjuvants for vaccine- 
induced human cytolytic T cell responses (7). Given the well-docu- 
mented but snll relatively weak antigen-specific CDS"^ Tcell responses 
observed recently in melanoma patients vaccinated with Melan-A26-35 
peptide and IFA (2 1-23), we tested whether coadministration of CpG 
7909 to che same vaccine would enhance T cell responses. We have 
therefore performed a phase I clinical trial to examine toxicity and 
immunogenicity of this approach. Our results show rapid and con- 
sistent T cell responses in vivo, highhghting the potential of CpG 
7909 to enhance cellular immune responses in humans. 

Results 

Vaccinatiun with CpG 7909, peptide, and IFA caused no major side effects. 
Eight HLA-A2* patients with advanced melanoma disease received 
4 monthly subcutaneous injections of low doses of CpG 7909, 
Melan-A analog peptide, and IFA. Vaccination with this novel 
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Figure 1 

Rapid in vivo responses of Metan-A-specific T cells to vaccination (vacc) with low doses of CpG 7909, Melan-A peptide, and I FA. PBMCs were 
collected before, as well as 7-10 days after, vaccinations 2 and 4, and they were analyzed ex vivo by flow cytometry. (A) Dot plots from PBMCs 
of patient LAU 627, with percentage of Melan-A-specific cells among CDS* T cells. (B) After 2 and 4 vaccinations, 6/8 and 8/8 patients, respec- 
tively, had significantly increased percentages (I.e., greater than 2-fold) of Melan-A-speclfic T cells. (C) A control group of 8 patients was similarly 
treated with Melan-A peptide and IFA but without CpG (23). After 2 vaccinations, none of the patients had more than 2-fold increased percent- 
ages. After 4 vaccinations, 4/8 patients had more than 2-fold increased frequencies, but percentages of Melan-A-specific T cells remained 
significantly (P < 0.01) lower as compared to those of CpG-vaccinated patients. (D) Fold increase of Melan-A-specific T cells before or after 4 
vaccinations in patients vaccinated with or without CpG. Horizontal lines indicate mean values. 



3-componenc vaccine caused no major side effects. Minor system- 
ic side effects were transient and included myalgia (4 patients), 
arthralgia and fatigue (3 patients), and nausea, malaise, and head- 
ache (2 patients). Interestingly, all 8 patients developed inflamma- 
tory signs at subcutaneous injection sites, with a peak of symp- 
toms (induration, erythema, mild to moderate pain) around 2 
weeks after injection. Tn response to recall vaccinations at distant 
sites in another limb, 4 patients showed reactivation of previous 
injection sites by redeveloping local inflammatory signs. Histolog- 
ical examination of a biopsy of one such distant reactivation site 
showed nonspecific inflammation with predominant perivascular 
lymphocyte infiltration (data not shown). 

Rapid and consistent in vivo generation of Melan-A-specific CDS* T 
cells. PBMCs collected before and after vaccination were analyzed 
ex vivo by flow cytometry using fluorescent CDB-specific anti- 
body and HLA-A2/Melan-A peptide multimers. After 4 vaccina- 
tions with CpG 7909, Melan-A peptide, and IFA, all 8 patients 
exhibited increased frequencies of Melan-A-specific CDS* T cells 
(0.07-3.00%), resulting in significantly [P < 0.01) higher percent- 
ages than before vaccination (Figure 1, A and B). 

After 4 monthly vaccinations, the 8 patients exhibited a frequen- 
cy of 1.15% ± 0.93% (mean ± SD) Melaii-A-specific CDS' T cells. A 
control group of 8 melanoma patients was treated similarly but 
without CpG (Figure IC), resulting in significantly (P < 0.01) lower 
T cell frequencies (0.13% ± 0.1 1%). Also, the response rate was far 



below 100%, since only 4 out of 8 patients generated ex vivo detect- 
able T cell responses after 4 vaccinations. CpG-vaccinated patients 
reached a mean of 43-fold higher Melan-A-specific CDS* T cell 
frequencies than before vaccination, whereas patients vaccinated 
without CpG reached a mean of 1.9-fold higher frequencies than 
before vaccination (Figure ID). 

The majority of T cell responses developed rapidly: 6 out of 8 
patients had increased frequencies of Melan-A-specific CDS* T cells 
after just 2 vaccinations (Figure IB). This is again in sharp contrast 
to previous results. In the control group (Figure IC), the lack of early 
responses (after 2 vaccinations) and the relatively low response rate 
are characteristic of all other studies with low-dose synthetic vaccines 
(2 1-25). Interestingly, patient LAU 444, who already had high levels 
of Melan-A-specific CDS' T cells before vaccination (resulting from 
previous immunotherapy and a natural response to melanoma [26]), 
wa5 the only patient whose frequency peaked after just 2 vaccina- 
tions. In the other 7 patients, maximal frequencies were reached after 
4 vaccinations. To our knowledge, these results demonstrate for the 
first time in humans that a synthetic peptide-based vaccine, when 
coadministered with adequate adjuvant, can rapidly elicit ex vivo 
detectable CDS*^ Tcell responses. 

Two of the 8 patients (LAU 371 and LAU 321) had previously 
been unsuccessfully vaccinated with Melan-A peptide mixed 
with the immunological adjuvants MPL and QS21 (Figure 2). 
During 4-5 years, the frequencies of Melan-A-specific T cells 
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Figure 2 

T celt responses to CpG vaccination (arrows) in patients that previously did not 
respond to vaccination with Melan-A peptide and immunological adjuvants MPL and 
QS21 (vertical tines). Percentages of multimer+ T cells were determined ex vivo in 
PBtVlCs collected over an observation period of 4 to 5 years. (A) Patient LAU 321 ; 
(B) Patient LAU 371. 



remained ac stable low values (patient LAU 321, 0.05% ± 0.01%; 
patient LAU 371, 0.06% ± 0.02%), a frequent observation in 
immune nonresponders (27). Nevertheless, both patients 
responded rapidly and strongly to vaccination with CpG 7909, 
Melan-A peptide, and IFA (Figure 2). 

Tcell frequencies peaked 7-10 days after recall vaccination. Results in 
Figures 1 and 2 were obtained with blood samples collected 7-10 
days following the monthly recall vaccinations (i.e., vaccinations 2 
and 4). To determine the short-term kinetics of T cell responses, we 
analyzed additional blood samples collected immediately before 
and 14 days after recall vaccination with CpG 7909, Melan-A 
peptide, and IFA. The highest T cell levels were reached 7-10 days 
after recall vaccination (Figure 3). Maximal frequencies (as shown 
in Figures 1 and 2) were observed on day 7 in 4 patients (LAU 818, 
LAU 618, LAU 701, and LAU 672) and on day 10 in 3 patients (LAU 
627, LAU 371, and LAU 444). Interestingly, frequencies of circu- 
lating Melan-A-specific T cells dropped to relatively low levels 
14 days after recall vaccination (frequencies for patient LAU 321 
were not evaluable, since blood samples from days 7 and 14 were 
not available). Thus, recall vaccination with CpG 7909, N4elan-A 
peptide, and IFA led to increased T cell frequencies during the first 
7-10 days, followed by a decline shortly afterwards, similarly to 
previous observations in mice (28-30), 

Predominance of effector memory T cells expressing effector genes in 
vivo, Ic is well established that Melan-A-specific T cells in melano- 
ma patients comprise naive and activated cells (3 1). To determine 
the differentiation state of vaccine-induced Melan-A-specific T 
cells, we first assessed CD45RA and CCR7 cell surface expres- 
sion (32, 33) by Melan-A-specific T cells. Before vaccination, the 
majority were naive CCR7' CD45RA' T cells (Figure 4A). In con- 
trast, after vaccination most Melan-A-specific T cells displayed 
an effector memory phenotype (CD45RA"CCR7'; Figure 4A and 
Table 1). After 4 vaccinations, effector memory cells accounted 
for 82% ± 13% of Melan-A multimer* T cells (mean ± SD of the 
8 patients), and naive, central memory, and effector T cells were 
only found at low percentages. To assess effector gene expres- 
sion directly, we sorted Melan-A-specific T cell subpopulations 
according to their expression of CD45RA and CCR7. As described 
previously (33), we sorted 5-cell aliquots and isolated mRNA, 
which was transcribed to cDNA then nonspecifically amplified 



and finally used for PCR with sequence-specific 
primers. All cells were positive for CD3 (Figure 4B). 
As expected, naive cells, which are not cytolytic and 
do not produce cytokines, did not contain detect- 
able granzyme B, perforin, TNF-a, or NK receptor 
CD94 mRNA, and they only rarely gave an IFN-y 
signal. After vaccination, granzyme B, perforin, 
and \?^'^ mRNA transcripts were found in signifi- 
cant fractions of S-cell aliquots of effector memory 
cells. Finally, after 4 vaccinations, effector memory 
cells showed increased expression of granzyme B 
and perforin, and some fractions of 5-cell aliquots 
also expressed TNF-y and NK receptor CD94. 

Activated T cells with fine specificity to the natural 
tumor antigen. All vaccinations were done with 
the Melan-A analog peptide ELAGIGILTV, which 
contains the amino acid leucine in position 2 
instead of the natural amino acid alanine. This 
substitution causes the analog peptide to bind 
more strongly and stably to HLA-A2, resulting 
in increased antigenicity and immunogenicity (31). To test the 
ability of T cells elicited by the vaccine to recognize A2/Melan-A 
antigen, we assessed the fine specificity of Melan-A-specific T 
cells in IFN-y Elispot assays performed ex vivo. After vaccination, 
Melan-A-specific, IFN-y-producing T cells from all 8 patients 
reached frequencies above the detection limit of 0.01% of CD8'^ 
T cells (Figure 5A and Table 2). The natural and analog peptides 
triggered comparable frequencies of Elispot-forming cells 
(0.12% ± 0.12% and 0.14% ± 0.10%, respectively). To assess the 
functional avidity, we tested the cytotoxic activity of A2/Melan-A- 
specific T cell clones derived from patients after vaccination. 
Cytotoxicity was peptide-specific and occurred at low peptide 
concentrations (Figure 5B), demonstrating high functional 
avidity to A2/Melan-A. The observed hierarchy of peptide rec- 
ognition efficiency is characteristic for the majority of Melan-A- 
specific T cell clones and is in accordance with the hierarchy 
of binding strength of the 3 peptide variants to HLA-A*0201 
(31). In agreement with these findings, the clones indeed killed 
the A2*/Melan-A* melanoma cell line Me 275, but not the 
A2VMelan-A^ melanoma cell line NA8 (Figure 5C), These data 
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Figure 3 

Short-term kinetics of Melan-A-specific T celts from 2 representative 
patients with maximal (max.) responses on day 7 (patient LAU 818) 
and on day 10 (patient LAU 627) after recall vaccination with CpG 
7909, IVIelan-A peptide, and tPA. PBMCs were collected immediately 
before, as welt as 7, 10, and 14 days after, recall vaccination. Percent- 
ages of multimer* T cells were determined ex vivo and calculated in 
percentages of maximally reached values (100%) per patient. 
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Figure 4 

Expression of effector media- 
tors by vaccine-activated Melan- 
A-specific T cells. Multiparameter 
cytometric analysis and sorting 
was performed with A2/Melan-A 
multimers and antibodies specific 
for CD8, CD45RA, and CCR7. 
(A) Expression of CD45RA and 
CGR7 is shown for A2/Melan-A 
multimer* CD8* gated cells. (B) 
RT-PCR gene expression analysis 
was perfomied (33) using primers 
specific for Cp3, granzyme B, 
perforin, IFN-v, TNF-a, and CD94, 
on sorted A2/Melan-A multimer+ 
T cells which were RA*CCR7+ 
(naive cells) or RA-GCR7+ effec- 
tor memory cells. Each band 
represents the RT-PCR product 
from RNA isolated from sorted 
5-cell aliquots. Data in A and B 
(representative of 8 and 2 patients 
analyzed, respectively) are from 
PBMCs collected from patient 
LAU 371 before and after 2 and 4 
vaccinations. +, positive control; 
negative control; N, naive T cells; 
EM, effector memory T cells. 



demonscrace that T cells induced by a vaccine comprised of a 
synthetic Melan-A analog peptide specifically recognized the 
natural Melan-A antigen expressed by tumor cells. 

Discussion 

This study represents the first human trial of CpG ODN com- 
bined with a T cell peptide antigen. It demonstrates that CpG 
7909 is an efficient adjuvant that promotes rapid antigen-specific 
CDS'" T cell responses. As compared to vaccination without CpG, 
responses were 1 order of magnitude higher. Synthetic peptide 
plus adjuvant vaccines have been shown to induce only low fre- 
quencies of circulating antigen-specific T cells, despite administra- 
tion of 8 or more injections (34, 35). Moreover, in the majority of 
cancer patient studies reported so far, T cell responses could not be 
detected ex vivo but rather only after 1 or more rounds of in vitro T 
cell stimulation and proliferation (21, 24, 36, 37). A small number 
of studies (using 0.5-1 mg peptide per vaccination plus adjuvants 
or cytokines) described ex vivo detectable T cell responses (22, 25), 
but T cell frequencies were still 10-100 times lower than what we 
observed in the present study. Only 1 study reported higher per- 
centages ofancigen-specificT cells following vaccinations with the 
particularly immunogenic gplOO T2M analog peptide and IFA. 
However, very high doses were used for vaccination: the cumula- 
tive peptide dose was 100-fold higher and the number of vaccina- 
tions 10-fold higher than in our study (38). 



The HLA-A2/Melan-A antigenic system constitutes a well- 
defined model for studies of spontaneous and vaccine-induced 
CDS* T cell responses in humans (31, 37), Besides the gplOO ana- 
log peptide 2TM, Melan-A peptide is one of the rare cancer peptide 
antigens capable of inducing ex vivo detectable T cell responses in 
relatively large proportions of patients (22, 37). The availability of 
strong adjuvants such as CpG 7909 makes it possible to investi- 
gate the immunogenicity of weaker antigens, which make up the 
majority of known cancer epitopes. 

Both CpG and peptide were given at low doses. Future studies will 
test whether increased doses of CpG 7909 and/or peptides can fur- 
ther enhance T cell activation. CpG 7909 can be administered to 
humans wnth generally acceptable tolerability at doses up to at least 
20 mg per injection weekly for 6 months or longer (A. Krieg, unpub- 
lished observations), that is, at cumulative doses that are 250-fold 
higher than in our study. Very high CpG ODN doses (2.5 mg/kg) 
given daily for 20 days have recently been reported to destroy lym- 
phoid tissue structures in mice (39). High-dose effects also include 
extramedullary hematopoeisis and a lethal systemic inflammatory 
response syndrome in mice (40). The potential toxicities of high- 
dose CpG 7909 administration in humans are likely to be largely dif- 
ferent from those reported in mice, due to the much more restricted 
distribution of TLR9 expression in human as compared to mouse 
immune cells (5, 1 7). Our patients had no apparent liver toxicity, no 
enlargement of lymph nodes or spleen, and intact antigen-specific B 
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Percentages of naive (Tn; RA+CCR7*), central memory (Tcm; 
RA-CCR7*), effector memory (Tem; RA-CCR7-), and effector (Te; 
RA-^CCR?-) T cells were determined among A2/Melan-A multimer gated 
T cells from PBMCs collected 7-10 days after tfie fourth vaccination. 



cell responses (data not shown). Two lymph node biopsies after CpG 
7909 vaccination showed follicles with normal structure. Interest- 
ingly, 4 of 8 patients developed circulating anti-dsDNA antibodies 
as detected by ELISA, but there were no clinical signs for autoim- 
mune disease, and systemic inflammatory markers in sera (IP- 10, 
CRP) remained normal. We are currently investigating the possibil- 
ity that the antibodies could be specific for CpG 7909. 

Out of the 8 patients included in the study, 3 had no evidence 
for disease at study entry; during the study, 1 of them remained 
disease-free, 1 progressed, and 1 showed local tumor relapse. 
Among the 5 patients with measurable disease at study entry, 1 
had stable disease, 2 progressed, and 2 showed local relapse. This 
phase I study was not designed to assess tumor response, and the 
follow-up time was short (mean of 7 ± 2 months after inclusion in 
the study). Comprehensive clinical results need to be obtained in 
phase 11 trials with more patients and a longer follow-up time. 



In contrast to mouse TLR9, human TLR9 is only expressed by 
pDCs and B cells. Presumably, B cells are not involved in Tcell acti- 
vation, suggesting that pDCs were responsible for the observed T 
cell responses (41). One important question is whether our vaccine 
was capable of priming T cells, or whether the observed responses 
were due to reactivation and/or redistribution of previously primed 
cells. Remarkably, the levels of circulating naive Melan-A-specific 
T cells were abnormally low after CpG 7909 vaccination (undetect- 
able in 4 patients, 0.03% ± 0.02% in the remaining 4 patients). For 
comparison, naive Melan-A-specific T cells are present at relatively 
high frequencies (0.07% ± 0,06%) in untreated healthy individuals 
and melanoma patients (42). Our observations that all patients 
responded, and that naive cell frequencies were low after vaccina- 
tion, suggest that CpG 7909 vaccination was indeed capable of 
priming naive T cells. This conclusion is also supported by recent 
mouse experiments showing that CpG ODN-matured pDCs can 
prime CDS* T cells in vivo (41), 

We also analyzed whether the prevaccination immune status 
differed between patients treated with and without CpG. How- 
ever, we did not fmd significant differences with regard to pre- 
vaccination frequencies of naive cells or of each of the 3 other 
Melan-A-specific T cell populations defined by CD45RA/CCR7 
expression. Data were interpretable from 3 patients of each 
group (data not shown). We have recently demonstrated that 
the percentage of preexisting CD28 negative Melan-A-specific 
T cells correlates with T cell responsiveness to vaccination with 
peptide and IFA in stage III-IV melanoma patients (26). Analyz- 
ing this aspect in the present study, we could not find a statisti- 
cally, significant difference between the 2 patient groups (mean 
prevaccination percentages ± SD of CD28 negative Melan-A-spe- 
cific T cells were 28% ± 33% and 29% ± 27% in patients treated 
with and without CpG, respectively). Data were interpretable 
from 6 patients of each group (data not shown). Based on these 
findings, one may speculate that vaccination with CpG induces 
increased frequencies of circulating T cells independently of the 
patient's prevaccination immune status, whereas T cell responses 
to peptide and IFA vaccination (without CpG) depend signifi- 
cantly on endogenous (tumor-driven) immunogenicity (26). 



Figure 5 

T cell receptor fine-specificity and tumor cell rec- 
ognition. (A) PBf\/ICs from patient LAU 371 were 
tested ex vivo in IFN-7 Elispot assays before and 
after vaccination with HIV, tyrosinase, and (Vlelan-A 
natural and analog peptides. (B) Melan-A-specific 
T cells were sorted by flow cytometry and cloned, 
and cytotoxicity was tested against T2 cells in the 
presence of the following titrated HLA-A2 binding 
peptides: Melan-A analog (squares), Melan-A natu- 
ral decamer (circles), Melan-A natural nonamer (tri- 
angles), and influenza matrix protein GILGFVFTL 
(diamonds). (C) Cytotoxicity against HLA-A2'' mela- 
noma cell lines Me 275 (Melan-A-^; filled symbols) 
and NA8 (Melan-A-; open symbols) in the presence 
(squares) or absence (circles) of synthetic Melan-A 
analog peptide. Data shown were generated with 
clone 6 derived from patient LAU 371 and are repre- 
sentative for 1 2 of 22 clones generated from patients 




LAU 371 and LAU 444. Peptide (log M) Effector to target cell ratio 
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Table 2 

Percentage of IFN^ Elispot-form ing cells 



Melan-A peptide 



Patient 


Natural 


Analog 


LAU 627 


0.08 


0,08 


LAU818 


0.05 


0.06 


LAU 618 


0.07 


0-13 


LAU 321 


0.02 


sO.01 


LAU 371 


0.11 


0.12 


LAU 444 


0.40 


0.32 


LAU 701 


0.02 


0.02 


LAU 672 


0.19 


0.23 


Mean 


0.12 • 


0.14 


SD 


0.12 


0.10 



Percentages of Elispot-forming cells among CDS-" T cells in PBMCs are 
shown for all 8 patients after vaccination. Background results with HIV 
polymerase peptide and without peptide were below the detection limit 
of 0.01% (not shown). 



The paccern of specific T cell expansion and coni:raction fol- 
lowing recall vaccinacion is reminiscenc of acute T cell responses 
observed in mice (28-30). Interestingly, in patients vaccinated with 
Meian-A and IFA without CpG, such rapid changes of specific T 
cell frequencies were not observed (data not shown). In the major- 
icy of cancer vaccine studies reported so far, antigen-specific T cells 
were analyzed at only a single time point after each vaccination. 
With the introduction of highly efficient adjuvants such as CpG 
7909, stronger, shorter-lasting T cell responses can be observed. 
Thus, antigen-specific T cells should be monitored at multiple 
time points after vaccinacion. 

One possible explanation for che rapid decline during the second 
week after recall vaccination is T cell migration into lymphoid and 
tumor tissues (43). We were able to investigate mecastases surgi- 
cally removed from 3 pati'ents after vaccinacion with CpG 7909, 
Melan-A, and IFA, and found that 5.03%, 0.12%, and 0.08% of 
CDS* T cells were specific for Melan-A (data not shown). Ongoing 
studies will address the question of whether vaccine-activated T 
cell clones are found in these lesions. We are also developing tech- 
niques to estimate the percentage of T cells that undergo apoptosis 
and/or migrate to other compartments (29, 44). 

The vaccine-induced T cell populations consisted predominant- 
ly of effector memory T cells (CD45RA'CCR7"). Central memory 
and effector cells were also induced, but to a much lesser extent. 
Most non-naive cells expressed IFN-7 mRNA. Effector memory 
cells expressed granzyme B mRNA, and some of them expressed 
perforin mRNA. While this was the case for the majority of 5-cell 
aliquots after 4 vaccinations, only a few cells were positive for gran- 
zyme B after only 2 vaccinations. Finally, TNF-a and CD94 were 
expressed by only a small fraction of cells. Through our ongoing 
studies, we aim to elucidate whether multiple recall vaccinations 
can induce effector functions in the majority of cells. 

It is conceivable chac che magnitude and durabilicy of antigen- 
specific T cell responses induced by pepcide-based vaccines could 
be furcher enhanced by che use of ocher types of CpG ODNs, 
such as the C type, which recently has been reported to induce 
higher levels of IFN-a secretion chan che B type, which was used 
in this study (45-48). Indeed, IFN-ct appears to improve the 
development of T cell memory (49, 50). Moreover, various ocher 



TLR ligands are becoming available for use in humans and are 
interesting candidates as adjuvants for vaccination and induc- 
tion of protective immunity. 

In conclusion, this scudy underscores the synergy of com- 
bined triggering of innate and specific immunity. The TLR9 
ligand CpG 7909 is a potent stimulator of innate immune cells, 
and its coadministration with antigen induces high numbers 
of antigen-specific CDS* T cells. Our findings suggest that fur- 
cher approaches to T cell-directed immunotherapy should cake 
advantage of such a synergy. 

Methods 

PatientSj eligibility criteria, and study protocol. HLA-A2* patients 
with histologically proven mecascacic melanoma of che skin 
expressing Melan-A/MART- 1 (determined by RT-PCR or 
immunohistochemistry) were included after informed consent was 
obtained in this phase I prospective trial of che Ludwig Institute 
for Cancer Research (LICR). Study protocols were approved by che 
LICR protocol review committee, as well as by the medical and ethi- 
cal commiccees of che University Hospital (Lausanne, Switzerland). 
Inclusion criteria were as follows: Karnofsky performance status 
of at least 70%, normal complete blood count and kidney-liver 
function, and no concomitant anti-tumor therapy or immunosup- 
pressive drugs. Exclusion criteria were pregnancy, seroposicivicy for 
HIV-1 Ab or hepatitis B surface antigen, brain mecascasis, uncon- 
crolled bleeding, clinically significanc aucoimmune disease, or New 
York Hearc Association class III-IV heart disease. Scudy end points 
were toxicity and CDS"^ T cell response. All patients were evaluated 
for immune response and treatment toxicity. Patients received 4 
vaccinations subcucaneously in monchly incervals. The low-dose 
vaccines were composed of 500 M-g CpG 7909, 100 |ig Melan-A ana- 
log pepcide, and 300 |xl IFA (Montanide ISA-51; Seppic) all mixed 
cogecher and prepared in a syringe as a scable emulsion. Phos- 
phorothioate backbone CpG 7909 (TCGTCGTTTTGTCGTTTT- 
GTCGTT) was produced by Coley Pharmaceutical Group under 
good manufacturing practice conditions, and had no detectable 
endotoxin by limulus amebocyte lysace assay. The Melan-A analog 
peptide26-35 ELAGIGILTV was synthesized by NeoMPS Inc. and for- 
mulated (330 ^ig/ml in PBS/30% DMSO) by the Biological Produc- 
tion Facilir/, LICR Melbourne. The IFA (Montanide ISA-5 1; Seppic) 
concained mineral oil (Drakeol) and anhydro mannitol octadec- 
anoace. Control patients were treated similarly with 4 monthly 
vaccinations as described previously (23), except the vaccines did 
not concam CpG ODN. As in most phase I studies, patients were 
not randomized, but first assigned to che concrol group and sub- 
sequently CO the CpG group. Patient LAU 444 was first included in 
the control group, and 2 years later in the CpG group. 

Blood cells, HLA-A2/ peptide multimerSj flow cytometry^ and IFN-y 
Elispot asi^ays. Ficoll-Paque centrifuged PBMCs (1 x 10^-2 x 10^) 
were cryopreserved in RPMI 1640, 40% FCS, and 10% DMSO. 
Phycoerythrin-labeled HLA-A*0201/peptide multimers (originally 
called tetramers) were prepared as described previously (42, 5 1) with 
Melan-A analog peptide26-35 ELAGIGILTV. Anti-CDS, anti-CD28; 
and allophycocyanin-conjugated goat anti-rat IgG were purchased 
from BD Biosciences and anti-CD45RA was from Immunotech. 
Anti-CCR7 rat TgG2a mAb 3D12 was provided by Martin Lipp 
(Max Delbrueck Cencer for Molecular Medicine, Berlin, Germany). 
Five color ;;cains were done wich HLA-A2/pepcide mulcimers, FITC- 
conjugaicd anci-CD28, PE-Texas Red-conjugated anti-CD45RA, 
allophycocyanin-Cy7-conjugated anci-CDS reagencs, and anci- 
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CCR7 mAb followed by allophycocyanin-conjugaced goat anti-rat 
IgG antibody. Briefly, CDS* T cells were enriched usinga MiniMACS 
device (Miltenyi Biotec) resulting in more than 90%CD3'^CD8* cells. 
Cells (10^) were incubated with multimers (1 ^ig/ml, 60 minutes, 
room temperature) and then with antibodies (30 minutes, 4°C). 
We acquired 5 x 10^ CDS' T cells per sample with a FACSVantage 
machine, and data were analyzed with CellQuesc software (BD 
Biosciences). IFN-y Elispot assays were performed using IFN-y-spe- 
cific antibodies (Diaclone, Biotest). Briefly, places were coated over- 
night with antibody to human IFN-y and washed 6 times. We added 
1.66 X lO"^ PBMCs/well in 200 |xl Iscove medium (Gibco; Invitrogen 
Corp.) supplemented with.S% human serum and 10 ^g/ml peptide 
and incubated it for 16 hours at 37°C. Assays were performed in 6 
replicates, without peptide or with peptides derived from Melan-A 
(natural EAAGIGILTV, analog ELAGIGILTV), C)Tosinase YMDGT- 
MSQV, and HIV-1 polymerase ILKEPVHGV. Cells were removed, 
and plates were developed with a second (biotinylated) antibody 
CO human IFN-y and screptavidin-alkaline phosphatase (Diaclone, 
Biocesc). The spocs were revealed with BCIP/NBT substrate (Sigma 
Tablets; Sigma-Aldrich) and counted with an automatic reader (Bio- 
reader 2000; BioSys GmbH). The percentage of CD3^ CDS* PBMCs 
was determined by How cytometry on the same batch of cryopre- 
served cells. Results of both multimer^ T cells and Elispot-forming T 
cells were calculated as a percentage of CDS* T cells. For each patient 
and assay system, pre- and post-vaccination samples were thawed 
and tested in the same experiment. 

Quality control of laboratory immune monitoring. Standardization of 
mulcimer and IFN-y Elispot assays was done with ISO unselected 
blood samples from healthy donors and patients (27). For both mul- 
cimer and IFN-y Elispot assays, the detection limit was 100 cells in 
i06 CDS* T cells (0.01%) (42). Repeated analyses showed 15%± 16% 
(mean ± SD) variation in mulcimer* cells (37). Good reproducibility 
was also found for the Elispoc assay (variacion of 30% ± 21%). In 
addition, longitudinal incraindividual result variability was assessed 
by testing multiple blood samples from individuals wichouc aT cell 
response against Melan-A. Variation coefficients (SD in percent of 
mean mulcimer* values) were 20% ± 27%, For IFN-y Elispoc assays, 
negacive controls wich all PBMC samples had a mean of less chan 
0.003% spocs among CDS* T cells, confirming chac che background 
was far below che dececcion limit of 0.01%. 

Cell sorting, cDNA amplification, and S-cell RT-PCR. CDS' T cells 
were enriched wich a MiniMACS device and stained with multi- 
mers and antibodies as described- above. Five-cell aliquocs were 
sorced directly with a FACSVantage SE machine into wells of 96-V 
bottom plates. cDNA preparationi cDNA amplification, and PCR 
were done using primers for CD3, granzyme B, perforin, IFN-y^ 
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TNF-y, and CD94 as described (33). Either water or Daudi B cell 
line extract was used as a negacive PCR control (-); 10^ PBMCs 
from a healthy individual were used as a positive control (+). 

Tcell cloning and cytotoxicity assay, Multimer'' CDS" T cells were 
sorted by flow cytometry, cloned by limiting dilution, and expand- 
ed wich phytohemagglucinin (PHA) and allogenic feeder cells in 
medium containing 150 U/ml human recombinant IL-2 (hrIL-2) 
and 10 ng/ml hrIL-7. Subsequently, chey were periodically (every 
3-4 weeks) rescimulated with PHA, irradiated feeder cells, and 
hrIL-2. Lytic accivicy and antigen recognition were assessed func- 
tionally in 4-hour -^'Cr release assays (42). Target cells were T2 cells 
(A2VMelan-A*) and the melanoma cell lines Me 275 (A2VMelan- 
A*) and NA8 (A2VMelan-A') (31). The percentage of specific lysis 
was calculated as follows: 100 x ([experimental - spontaneous 
release]/f total - spontaneous release]). 
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Abstract 

We assessed the avidity maturation process elicited by human immunization with alum-adsorbed HBsAg alone or with a novel adjuvant 
containing CpG motifs (CpG 7909). Mean avidity indexes and distribution of low- and high-avidity anti-HBs indicated that avidity maturation 
essentially takes place late after priming. CpG 7909 markedly enhanced this affinity maturation process, increasing the pool of high-avidity 
antibodies. The influence of CpG 7909 was antigen-specific, isotype-specific and distinct from the influence on anti-HBs production, as avidity 
did not correlate with anti-HBs IgG titers. This is the first demonstration that a novel human adjuvant may induce antibodies with higher 
antigen-binding affinity. . , . 

© 2004 Elsevier Ltd. All rights reserved. 
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1. Introduction 

Affinity maturation of serum antibody is an essential and 
yet not fully understood feature of humoral responses to T- 
dependent antigens. Complex cellular events lead to the pref- 
erential generation of high affinity antibody secreting cells 
(ASC) and their accumulation as long lived ASC in the bone 



Abbreviations: ASC, antibody secreting cells; anti-HBs, HBsAg- 
specific antibody; AI, avidity index; BM, bone-marrow; CpG oligos, 
oligonucleotides containing CpG motifs; FDC, follicular dendritic cells; GC, 
germinal centers; TT, tetanus toxoid 
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marrow (BM). It is well known that, early after antigen ex- 
posure, B cells are induced to proliferate and develop into 
ASC within extrafoUicular foci. These ASC produce anti- 
bodies encoded by germline immunoglobulin genes and are 
most often of relatively iow affinity [ 1 ,2], Subsequently, some 
proliferating B ceils enter B cell follicles and give rise to 
germinal centers (GC), in which somatic hypermutation of 
V(D)J immunoglobulin genes [3,4] and competition for anti- 
gen retained on GC follicular dendritic cells (FDC) [5] con- 
cur, leading to the selection of B cells of the highest affinity 
[6-8]. This affinity maturation process results in increased 
numbers of ASC that produce antibodies with progressively 
higher affinities and faster on-rates [9-12]. Accordingly, to- 
tal antibody affinity to large complex antigens (i.e. functional 
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affinity, or avidity [13]) progressively increases. It should be 
specified that whereas affinity refers to the strength of bind- 
ing between a single antigenic determinant and an individual 
antibody combining site (sum of the attractive and repul- 
sive forces), avidity refers to the overall strengtli of binding 
between an antigen with many antigenic detenninants and 
multivalent antibodies. The avidity is influenced by both the 
valence of the antibody and the valence of the antigen, is 
more than the sum of the individual affinities, and is most di- 
rectly relevant to function. This avidity maturation process, 
which may be essential for protective efficacy, has not been 
characterized in detail following human immunization with 
T-dependent protein antigens, and as such, important ques- 
tions remain regarding its efficacy, kinetics and importance 
in relation to vaccination strategies. 

Immunostimulatory DNA sequences containing unmethy- 
lated CpG dinucleotides in the context of particular base se- 
quences (CpG motifs) exert a strong stimulatory influence 
on the immune system. Such sequences, which are either 
found naturally in bacterial DNA or produced as synthetic 
oligodeoxynucleotides (CpG oligos), directly activate human 
B cells and plasmacytoid dendritic cells (pDC) via toll-like 
receptor 9 (TLR-9). CpG oligos act as polyclonal activators 
which directly activate B cells to proliferate and differentiate 
into IgG producing cells, and somewhat prevent mature B 
cells from undergoing spontaneous apoptosis in vitro. CpG 
oligos also indirectly activate other cells such as monocytes 
and macrophages to produce a variety of pro-inflammatory 
cytokines, and in particular those associated with Thl re- 
sponses (reviewed in [ 1 4-20]). In accordance with these stim- 
ulatory influences, CpG oligos were identified as potent vac- 
cine adjuvants, capable of enhancing CD4"'", CD8*^ cytotoxic 
and Ab responses to a wide variety of antigens both in adult 
(reviewed in [21,22]) and neonatal [23-25] animal immu- 
nization models. 

As a result of their strong adjuvanticity and low reacto- 
genicity, CpG oligos are currently considered as one of the 
most promising adjuvants for the development of future vac- 
cines against diverse conditions including infectious diseases, 
allergies or cancer [26,27]. CpG 7909, a 24-mer oligo con- 
taining three CpG motifs, has been identified for its potent 
ability to stimulate human immune cells and recently entered 
first human testing as a saline solution. In this double-blind 
randomized phase I study, CpG 7909 was tested for safety 
as well as its ability to augment responses of healthy vol- 
unteers to a prophylactic vaccine against hepatitis B (HBV). 
Subjects in the experimental groups, who received the HBV 
vaccine with CpG 7909 added, demonstrated significantly 
higher levels of antibodies against HBsAg (anti-HBs) than 
subjects in the control group (manuscript in preparation). To 
identify the stage(s) of Ag-specific B cell differentiation at 
which CpG 7909 exerts its influence, we compared in this 
study the kinetics and strength of the avidity maturation pro- 
cess of anti-HBs antibodies induced either with an alum- 
adjuvanted HBV vaccine or with the same vaccine mixed with 
CpG. 



2. Material and methods 

2. y. Subjects, vaccines and immunization procedures 

This phase I study was conducted at The Toronto West- 
em Hospital and The Ottawa Hospital, Canada, as approved 
by the institution Ethical Review Boards. Eligible subjects 
were healthy male and female adult volunteers, age 18-35, 
who were HBV vaccine naive, as well as negative for hepati- 
tis B surface antigen (HBsAg) or HBsAg-specific antibody 
(anti-HBs). Fifty-six subjects were enrolled and scheduled 
for immunization at 0, 4 and 24 weeks. The vaccine admin- 
istered was Engerix-B® (GlaxoSmithKline, Rixensart, BE), 
containing 20 jig of alum-adsorbed HBsAg. Engerix-B® was 
administered alone (n~ 14) or with admixed CpG 7909 (a 
24-mer oligo containing three CpG motifs) given at doses 
of 0.5mg {n = 18), l.Omg {n - 12) or 0.125 mg (w = 12). 
Subjects were enrolled into three cohorts which were initi- 
ated sequentially according to dose level of CpG 7909 and 
were then randomized to receive vaccine alone (control) or 
with the addition of CpG 7909 (experimental). Subjects were 
followed for safety and tolerability of the compound. The 
most frequently reported adverse events were injection site 
reactions, flu-like symptoms and headache. While these were 
significantly more frequent in CpG 7909 groups than in the 
control group (manuscript submitted), most were reported 
to be of mild to moderate intensity regardless of group. Sub- 
jects provided blood samples for assessment of HBV-specific 
immune response at regular intervals before and after each 
vaccine dose. Frozen plasma aliquots harvested 0, 8, 24, 26 
and 52 weeks af^er priming were sent to the Center for Vacci- 
nology (University of Geneva) for blinded determination of 
HBsAg-specific avidity and of tetanus (TT) specific antibody 
titers. 

2.2 Quantification of anti-HBs and anti-tetanus Ab 

HBsAg-specific IgGl and IgG3 Ab were determined 
by ELISA, Plates were coated with 1 jxg/ml of HBsAg, 
ad subtype (International Enzymes Inc., CA), overnight 
at room temperature. After washing and blocking, serial 
dilutions of sera were added to the plates and incubated 
at 37 °C for 60min. The plates were then washed and 
incubated with peroxidase-conjugated goat anti-human 
IgGl or biotin-conjugated goat anti-human IgG3 antibodies 
(Zimed Laboratories, San Francisco, CA) for 60min at 
37 °C, washed again and incubated directly with ABTS 
substrate (for IgGl) or with extrayidin-peroxidase (for 
IgG3) followed by substrate. Antibody concentrations were 
calculated with the Softmax*^ PRO software (Molecular 
Devices) by comparison with standard curves (4-parameter 
fitting) using in-house standards tested by end-point dilution. 
It should be noted that as a result of a high sensitivity of 
the end-point dilution IgG 1/3 ELISA assay, IgGl - or IgG3- 
specific anti-HBs titers correspond to significantly lower 
values of EIA-measured anti-HBsAg IgG Ab. Antibody 
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concentrations to TT were determined by ELISA on plates 
coated with TT (Aventis Pasteur). Incubation of plasma 
samples was followed by successive addition of biotinylated 
goat anti human IgG (Sigma) and extravidin-peroxidase and 
ABTS substrate. Antibody concentrations were calculated 
using international standards of reference. Antibodies 
below the cut-off of the assay (lOOElU/ml for anti-HBsAg 
IgGl, 50ElU/ml for anti-HBsAg IgG3, lOOmlU/ml for 
anti -tetanus IgG) were given an arbitrary titer of one half 
of the cut-off value for determination of mean geometric 
titers. 

2. 3. Determination of the avidity of HBsAg-specific 
antibodies 

The avidities of IgG I and IgG3 isotypes of anti-HBs were 
determined by an ELISA elution assay using thiocyanate 
(NH4SCN) as a chaotropic agent, according to a well es- 
tablished method [28-31] that was previously standardized 
in our laboratory for a panel of protein antigens [32] and 
which was specifically adapted to HBsAg-specific Ab. This 
method has been previously shown [29] to correlate with a 
more direct measurement of affinity. It provides a convenient 
approach for the estimation of human polyclonal antibody 
avidity in conditions where direct assays are hardly applica- 
ble. Assay validation included the assessment of antigen sta- 
bility following incubation with up to 6M NH4SCN and the 
definition of optimal temperature and duration of incubation 
periods. Sera were pre-titered and adjusted by dilution to a 
concentration giving ELISA results in the upper portion of the 
linear part of the standard curve (OD approximately 1.5). Fol- 
lowing incubation of plasma dilutions, NH4SCN was added 
at a final concentration ranging from 0 to 4 M, The plates 
were then incubated for 1 5 min at room temperature, prior 
to the addition of goat anti-human IgGl/IgG3 antibodies and 
processing as described above. The amount of antibody re- 
maining bound to the plate, at each NH4SCN concentration, 
was calculated in units by reference to the ELISA standard 
curve. The avidity index (AI), corresponding to the concen- 
tration of thiocyanate required to elute 50% of the Ab units, 
was calculated as described previously [29]. The avidity pro- 
file was determined by calculation of the amount of Ab eluted 
for each increase in NH4SCN concentration. Given the poor 
reproducibility of elution analyses for sera whose OD did not 
reach a minimal value of 1 .0 at a 1/50 dilution, we decided to 
consider these values as not interpretable (NI). Low avidity 
Ab were defined by the fraction eluted- at <1 M NH4SCN 
concentrations, whereas high-avidity IgGl Ab were de- 
fined as those only eluted at >2M NH4SCN concentra- 
tions. Medium avidity was Ab eluted between >I and 2 M of 
NH4SCN. 

2. 4. Statistical analyses 

All efficacy analyses were conducted according to the 
intent-to-treat/attrition adjusted population with the use of 



two-tailed tests and a type I error of 0.05. Two subjects did 
not complete the full course of vaccination. In these cases, 
immunogenicity data were included for time points up to 
the time of missing doses but not after. Missing data were 
not replaced but were treated as missing. The following 
efficacy parameters were summarized and presented: (i) 
summary of anti-HBs immunoglobulin isotypes (geometric 
mean of IgGl and IgG3 titers); (ii) summary of anti-HBs 
avidity index; (iii) summary of anti-HBs avidity (proportion 
of subject with low and high avidity). Comparison of 
control group (Engerix-B®) with single or combined exper- 
imental groups (Engerix-B® + CpG 7909 (0.5 mg), and/or 
Engerix-B® + CpG 7909 (l.Omg), and/or Engerix-B® + 
CpG 7909 (0.125mg)) were performed using /-test for 
continuous variable and Chi-square for dichotomous data. 
These analyses were performed using SAS® version 8.2. 
Statistical analysis between IgG/IgGl/IgG3 titers obtained 
in various groups was performed using the Mann-Whitney 
fy-Wilcoxon Rank sum WxtsX with SPSS 1 1 .5 for Windows. 
Differences with probabiHty values >0.05 were considered 
insignificant. 



3. Results 

3. L Influence of CpG 7909 on avidity maturation of 
anti-HBs IgGl response 

Immunization with alum-adjuvanted HBV vaccine 
(Engerix-B®) whether given on its own (EngB) or with 
added CpG 7909 (EngB-CpG), resulted in the preferential 
induction of IgGl anti-HBs, with significantly weaker IgG3 
and little or no IgG2 and IgG4 Ab (not shown). We stud- 
ied the Ag-specific avidity of IgGl and IgG3 anti-HBs at 
weeks 0, 8, 26 and 52 after priming. As expected, no sub- 
jects had detectable anti-HBs at week 0 since seronega- 
tivity for HBV antigens had been an inclusion criterion. 
For all subsequent time-points, anti-HBs IgGl were signifi- 
cantly higher in subjects immunized with Eng-B plus 0.5 mg 
of CpG 7909 compared to controls receiving Eng-B alone 
(Fig. lA). In controls, anti-HBs IgGl titers did not reach 
levels sufficient for reliable avidity analyses until after all 
three vaccine doses were given. Thus for control subjects it 
was possible to determine avidity index (AI) for only two 
time points, 26 and 52 weeks (Fig. IB). In subjects receiv- 
ing the vaccine with CpG 7909 (0.5 mg), a progressive in- 
crease of AI was observed over time, reflecting the progres- 
sion of Ab avidity during the first 6 months after priming 
and with additional vaccine doses (Fig. IB). AI remained 
similar between weeks 26 and 52 in each group, suggesting 
that the avidity maturation process was essentially completed 
by week 26. Thus, CpG 7909 treatment elicited anti-HBs 
IgGl with significantly higher avidity than those in control 
subjects (P < 0.01), both at the end of the series of three 
doses, and 6 months later, which is 1 year after priming 
(Fig. IB). 
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Fig. 1 . CpG 7909 enhances titers and avidity of anti-HBsAg IgG 1 antibod- 
ies. Anti-HBsAg IgGl titers (A) and avidity indexes (B) were assessed by 
ELISA, as described in Section 2, at various intervals after immunization 
of healthy human adults with alum-adsorbed HBsAg alone or + CpG 7909 
(0.5 mg). Arrows indicate timing of immunization. ND, not determinable. 
Statistical significance: **P < 0.01 , *''P< 0.001 . 
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Fig, 2. Distribution of low- and high-avidity IgG I anti-HBsAg Ab following 
immunization with HBsAg alone or with CpG 7909. The proportion of low- 
and high-avidity IgG 1 anti-HBsAg was assessed as described in Section 2, 
at various intervals after immunization with HBsAg + CpG 7909 (0.5 mg) 
(A). Comparison at weeks 26 and 52 among individuals immunized with 
HBsAg alone or + CpG 7909 (0.5 mg) demonstrates significant diiferences 
(P < 0.05) between the proportion of low- and high-avidity IgGl Ab in both 
groups (B). 



3.2. Influence of CpG 7909 on the avidity distribution of 
anti-HBs IgGl antibodies 

Avidity indexes, which are most frequently used as mark- 
ers of avidity, may mask differences in avidity profile if there 
is only a small pool of high- or low-avidity antibodies. The 
relative persistence of low avidity antibodies or the rate of 
appearance of higher avidity antibodies can be better appre- 
ciated by calculating the percentage of Ab molecules that can 
be dissociated at given concentrations of chaotropic ions. The 
incremental Ab release from solid-phase HBsAg in the pres- 
ence of increasing concentrations of NH4SCN was analyzed 
in detail. This allowed for an indirect visualization of the dy- 
namics of Ab populations of differing avidity at both early and 
late time points after immunization. At 8 weeks post priming 
with HBsAg + CpG 7909 (0.5 mg), most (78.6%) IgGl Ab 
were still of low avidity (eluted at <l M NH4SCN concentra- 
tions), whereas higher avidity IgG 1 Ab (eluted at over 2 M 
NH4SCN concentrations) represented less than 10% of total 
HBsAg-specific IgGl Ab (Fig. 2A). Thus, high-avidity Ab 
were rare at this 8-week time-point, despite previous admin- 
istration of two doses of EngB-CpG. Over time, there was a 
gradual decline of low-avidity Ab and a concomitant increase 
of high-avidity Ab. Significant changes in the distribution of 
low- and high-avidity Ab were observed between each con- 
secutive visit from weeks 8 to 26 (Fig. 2A). The addition of 
CpG 7909 to EngB significantly enhanced the proportion of 



high-avidity IgG 1 anti-HBs both at the end of the primary se- 
ries (week 26) and 1 year after priming (Fig. 2B). One should 
note that the strongest relative change in the distribution of 
low- and high-avidity Ab between two consecutive visits was 
observed between weeks 24 and 26, i.e. immediately prior to 
and 2 weeks after the administration of the third vaccine dose. 
In contrast, there was little change between 26 and 52 weeks 
when no additional vaccine doses were given. The apparent 
increase of low-avidity in control individuals that received 
only EngB at week 52 compared to week 26 (Fig. 2B) did 
not reach statistical significance. During the same period, the 
proportion of high-avidity Ab clearly remained stable in the 
group receiving CpG 7909. 

3.3. Influence of CpG 7909 adjuvant on the avidity 
profile of anti-HBs IgG 3 antibodies 

Immunization with EngB also induces IgG3 anti-HBs, al- 
though at markedly lower titers than for IgGl (Fig. 3 A). Ad- 
dition of CpG 7909 (0.5 mg) enhanced anti-HBs IgGB titers, 
which reached five-fold higher levels at week 26 than those in 
controls (Fig. 3A). Avidity analyses were done on sera from 
a subset of subjects with sufficient levels of anti-HBs IgG3 
titers to allow for reliable testing at each time point. Surpris- 
ingly, the enhancement of anti-HBs IgG3 responses by CpG 
was not associated with significant changes in avidity indexes 
(Fig. 3B) or in the distribution of low-avidity (mean 31.7% 
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Fig. 3. CpG 7909 enhances IgG3 anti-HBsAg titers but not avidity. Anti- 
HBsAg lgG3 titers (A) and avidity indexes (B) were assessed by ELISA as 
described, at various intervals after immunization of healthy human adults 
with alum-adsorbed HBsAg alone or + CpG 7909 (0.5 mg). Arrows indicate 
timing of immunization. Statistical significance: P < 0.05. 



with CpG 7909 versus 34.3% in controls) or high-avidity Ab 
at week 26 (50.7% versus 47.3%). 

3.4, Influence of the dose of CpG 7909 on the avidity of 
anti'HBs IgGI antibodies 

We next compared the influence of three different doses 
of CpG 7909 (0. 125, 0.5 and I mg) on the avidity maturation 
process of anti-HBs IgGI. At weeks 8, 24 and 26, the two 
highest doses (0.5 and 1 mg) of CpG 7909 elicited signifi- 
cantly higher anti-HBs IgGI than did the lower (0.125 mg) 
dose (Fig. 4A). Avidity indexes progressively increased from 
weeks 8 to 26, reaching significantly higher mean values at 
26 and 52 weeks in the 3 CpG 7909-treated groups than in 
controls (P < 0.001, Fig. 43). The AI in subjects receiv- 
ing the highest dose of CpG 7909 (1 mg), was significantly 
higher at the end of the primary series (week 26) than that 
in subjects receiving 0.5 mg {P < 0.001) or 0.125 mg {P < 
0.01) CpG 7909, or control subjects receiving no CpG 7909 
{P < 0.0001) (Fig. 4B). Although the lowest dose of CpG 
7909 (0.125 mg) did not significantly enhance IgGI titers 
compared to those in controls (Fig. 4A), it was nevertheless 
sufficient to induce IgG 1 Ab of a significantly higher Al {P < 
0.01, Fig. 4B). This was reflected by a markedly higher pro- 
portion of high-avidity Ab (44% at week 52 compared to 1 8% 
in controls, P < 0.05). This prompted us to analyze possible 
correlations between individual anti-HBs IgGI and Al at 26 
weeks. Importantly, the avidity of IgGI anti-HBs elicited by 
immunization with Engerix-B, whether administered alone 
or with added CpG 7909, could not be predicted on the ba- 
sis of titers of circulating anti-HBsAg. The level of correla- 
tion observed following immunization was fairly strong in 
the control group receiving EngB alone (R^ ~ 0.7126), but 
much less in the EngB-CpG group {R^= 0.254, 0.0523, and 
0.0691 for 0.125, 0.5 and l.Omg CpG 7909, respectively). 
Thus, CpG 7909 may exert a distinct influence on the IgGI 
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Fig. 4. Influence ofthe dose ofCpG7909on IgGI anti-HBsAg. Anti-HBsAg 
IgGI titers (A) and avidity indexes (B) were assessed by ELISA at various 
intervals after immunization with alum-adsorbed HBsAg alone or with in- 
dicated doses of CpG 7909. Arrows indicate timing of immunization. ND, 
not determinable. Significant differences are indicated in Section 3. 

production and on the avidity maturation of HBsAg-specific 
B cells. 

3.5. Influence of CpG 7909 on the avidity ofanti-TTIgG 
antibodies 

It was recently hypothesized that CpG oligos behaved as 
polyclonal activators which activate memory B cells regard- 
less of their Ag-specificity [33]. This hypothesis was tested 
here by assessing circulating Ab levels to tetanus toxoid 
(TT) before and after administration of EngB with or without 
added CpG 7909. TT-specific Ab were present in all individ- 
uals at study initiation, ranging from very low (69 mIE/ml) 
to high (7 1 98 mIE/ml) values depending on previous immu- 
nizations. As polyclonal activation could possibly result into 
only transiently increased Ab, analyses compared TT Ab at 
24 and 26 weeks, i.e. before and 2 weeks after administration 
of HBsAg alone or + CpG 7909 (0,5 mg). TT-specific titers 
remained similar in each individual (Fig. 5), as confirmed 
by the mean post/pre-injection ratio (0.91 ±0.14 following 
injection of CpG 7909 and 0.97 ± 0.15 in controls). Simi- 
lar results were obtained when comparing anti-TT titers at 
weeks 0 and 8, i.e. before and 1 month after the 2nd injection 
of CpG 7909, or in individuals injected with 1 mg of CpG 
7909 (not shown). Thus, despite prior TT immunization, ad- 
ministration of the CpG 7909 adjuvanted vaccine did not lead 
to an increase production of TT-specific Ab. This may indi- 
cate a lack of effect on TT-specific memory B cells in these 
conditions of immunization. 
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Fig. 5. Administration of CpG 7909 does not increase anti-TT antibodies. 
Anti-TT IgG titei-s were assessed by ELISA before (pre, week 24) and 2 
weeks after (post, week 26) administration of alum-adsorbed HBsAg alone 
(A) or + CpG 7909 (0.5 mg) (B). Anti-TT titers measured in paired plasma 
samples are represented for all individuals of group A (w = 12) and B 
(«=18). 

4. Discussion 

This study demonstrates that the addition of CpG 7909 to 
an HB V vaccine containing alum-adsorbed HBsAg leads not 
only to a significant increase of human anti-HBs Ab titers but 
as well to a significant increase of anti-HBs IgGl antibody 
avidity. This qualitative influence appears during a late phase 
of the B cell response, i.e. between 2 and 6 months after 
priming, and it probably reflects an enhancement of the late 
avidity maturation process. 

Avidity maturation is thought to result from B cell pro- 
liferation, GC differentiation, somatic hypermutation in the 
V(D)H region and clonal competition for antigen. CpG oli- 
gos could act at several stages of this B cell differentiation 
process. First, they could enhance the recruitment of naive 
human B cells into the response and their differentiation into 
ASC by providing additional activation and proliferation sig- 
nals to B cells, as they do in vitro [34]. However, the magni- 
tude of the IgG response does not correlate with the number of 
Ag-specific B cells initially recruited into the response [35], 
and the enhancement of both anti-HBs IgG 1 titers and avidity 
for antigen implies that CpG oligos may also exert their influ- 
ence at subsequent stages of the B cell differentiation process. 



It is known that during the GC reaction, Ag-specific B cells 
rapidly expand and diversify their antigen receptors through 
somatic hypermutation and receptor editing. While the vast 
majority of these essentially random changes are deleterious 
to antigen binding, some mutations increase the cell's affinity 
for antigen and result in their positive selection (reviewed in 
[36]). Thus, CpG oligos could influence occurrence of so- 
matic mutations early in the GC reaction, B cell selection 
within the GC and/or differentiation of GC B cells into ASC. 
Potential targets for a CpG-mediated influence during the 
GC reaction include B cells themselves, which express TLR- 
9 after B cell receptor (BCR) triggering [34,37], but also pDC 
which could increase GC B cell expansion and ASC differ- 
entiation both directly via enhanced IL-12 production [38] 
and indirectly via enhanced activation of CD4'^ GC T cells. 
The marked enhancement of IgGl anti-HBs titers 8 weeks 
after priming suggests that CpG oligos do enhance GC B cell 
differentiation into IgGl -secreting plasma cells, as observed 
in vitro [34]. However, at this time point, low-avidity Ab are 
still represent more than 80% of HBsAg-specific IgGl Ab. 
This fact argues against a direct influence of CpG oligos on 
somatic hypermutation. 

Although the duration of Ag-induced GC is unknown in 
humans, animal studies have indicated that the GC reaction 
does not exceed a few weeks. Therefore, the observed in- 
crease of the proportion of high-avidity Ab between 8 and 26 
weeks after priming may reflect an influence of CpG oligos on 
a late maturation process that is probably occurring in a post- 
GC period. Data obtained in mice have recently indicated that 
although the generation of high-aflfinity B cells is dependent 
on the GC reaction, the selection for higher affinity B cells 
continues into the bone marrow long after the end of the GC 
reaction. This is mirrored by the progressive increase of avid- 
ity of circulating Ab [12]. In our study, the selection process 
appears to be completed by 26 weeks after priming, since 
there was no further change in avidity profile between weeks 
26 and 52. At 52 weeks after priming, Ab are presumably 
produced by long-lived ASC residing in the bone marrow. 

Exactly where and how this influence of CpG oligos takes 
place remains to be defined. Our recent studies in mice indi- 
cated that addition of CpG oligos to a single dose of alum- 
adsorbed tetanus toxoid (TT) markedly enhanced TT-specific 
ASC splenic responses and prolonged their duration by sev- 
eral months, resulting into a significantly increased BM pool 
of TT-specific ASC [39]. This occurred without detectable 
influence on TT-induced GC numbers or size. The prolonged 
persistence of ASC in a post-GC splenic compartment could 
result from an anti-apoptotic effect of CpG oligos. It is known 
that CpG oligos do increase B cell mRNA expression of egr- 
l , c-jun, c-myc and bcl-xt (reviewed in [15]), and drive them 
into Gl and S phase [17]. CpG oligos almost completely pre- 
vent spontaneous murine or human B cell apoptosis in vitro. 
An alternative hypothesis is that CpG oligos may increase 
ASC survival indirectly, by preventing apoptosis of special- 
ized cells important for post-GC ASC survival in the spleen 
or bone marrow. 
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As CpG oligos essentially influence avidity maturation 
late in the B cell response, it was important to define whether 
they also influence induction of memory B cells. Previous 
studies performed in vitro did not suggest that activation 
with CpG oligos had an effect on memory B cell genera- 
tion [34]. However, they did show an enhanced proliferation 
and ASC differentiation of existing human memory B cells 
[33]. There was a marked change of the avidity profile to- 
wards higher-avidity IgGl Ab between weeks 24 and 26, i.e. 
immediately prior and 2 weeks after the third vaccine dose. 
This suggests that CpG oligos may favor the accumulation of 
higher-affinity B cells in the resting memory B cell pool that 
could be rapidly reactivated by the third vaccine dose. Recent 
in vitro and in vivo studies indicated that CpG oligos can act 
as polyclonal activators for memory B cells [33]. In our study, 
the local administration of CpG 7909 did not appear to influ- 
ence the level of pre-existing anti-TT antibodies. This may 
indicate that synergistic activation through the BCR is by far 
more efficient for memory B cell reactivation than the lim- 
ited polyclonal activation that can be induced at the regional 
lymph node level by administration of a CpG containing 
vaccine. 

An obvious question is whether the long lasting production 
of higher-avidity anti-HBs antibodies and of higher-avidity 
memory B cells may provide additional clinical benefit. 
Germ-line Ab directed against certain pathogens expressing 
repetitive Ab determinants have occasionally been shown to 
have neutralization properties similar to those of hypermu- 
tated Ab [40]. However, in many other conditions, a strong 
correlation was seen between avidity and viral neutralization 
capacity [4 1-44]. For example, high-avidity antibodies could 
confer a 100% protective efficacy in a model of measles 
encephalitis whereas only 50% efficacy was obtained with 
lower-avidity Ab [45]. Mechanisms of HBV neutralization 
are yet poorly understood. Antibodies of higher Ag-binding 
avidity were shown to have a more potent neutralizing 
activity in primary hepatocyte culmre [46], Therefore, it 
is conceivable that a higher neutralization capacity would 
confer better protection when only limited levels of anti- 
bodies are persisting, i.e. late after immunization. Enhanced 
avidity maturation following HBV vaccination may also 
represent a significant advantage when viral exposure 
occurs after disappearance of circulating Ab. At this stage, 
protection requires memory B cells to be activated and to 
produce Ab capable of viral neutralization. The existence of 
higher-avidity memoiy B cells should result in a more rapid 
and efficient curtailment of the infectious process, thereby 
reducing the duration of acute infection and period of 
contagion. 

This study is the first demonstration that a novel adjuvant 
can enhance avidity maturation in humans and possibly in- 
crease the viral neutralization capacity. Such enhancement 
may be isotype-specific and it cannot be predicted on the ba- 
sis of antibody titers. These results suggest that it wpuld be 
worthwhile to assess all novel adjuvants for their capacity 
to qualitatively influence the B cell differentiation process. 



These observations may have important implications for the 
design of new vaccines. 
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Selective immune redirection in humans 
with ragweed allergy by injecting Amb a 1 
linked to immunostimulatory DNA 



F. EstelleR. Simons, MD,FRCPC,^'*'Yasufumi Shikishima, PhD,'= Gary Van Nest, PhD,** 
Joseph J. Eiden, MD,PhD,'* and Kent T. HayGlass,PhD^''' Winnipeg. Manitoba, Canada, and 
Berkeley, Calif 



Background: In animal models administration of 

immunostimulatory DNA sequences preferentially elicits ThI- 

dominated (type 1-dominated) immunity and can inhibit 

developing or ongoing Th2 (type 2) responses. 

Objective: Our objective was to investigate this phenomenon in 

humans. 

Methods: In a randomized, third party*blindcd, placebo- 
controlled, proof-of-concept study conducted entirely in the 
winter in 19 adults with ragweed allergy, we administered 6 
subcutaneous injections of purified Amb a 1 linked to the 
22-base-iong immunostimulatory phosphorothioate 
oligodeoxyribonucleotide 1018 (Amb a 1-immunostimulatory 
DNA sequence conjugate [AIC]). Before the course of AIC or 
placebo injections and 2 and 16 weeks afterward, we measured 
recall responses to ragweed, streptokinase, and PHA in short- 
term primary culture of fresh PBMCs after restimulation with 
antigen. We quantified regulatory cytokine and chemokine 
responses characteristic of Th2 immunity (IL-5, IL-13, CCL17 
[TARC], and CCL22 [MDC]), and T„l immunity (IFN-7, 
CXCL9 [Mig], and CXCLIO [IP-IO]), as well as IL-IO, 
a cytokine sometimes linked to regulatory T-cell populations. 
Results: We demonstrated for the first time that human 
systemic in vivo ragweed-specific Th2 responses were 
selectively redirected toward ThI responses, with significant 
increases in IFN-7, CXCL9, and CXCLIO and significant 
decreases in IL-S, CCL17, and CCL22 found at 2 and 16 weeks 
after the sixth injection. Cytokine and chemokine responses to 
the unrelated bacterial antigen streptokinase and the global 
capacity to mount immune responses on polyclonal activation 
with PHA did not change. No clinically significant systemic or 
local allergic reactions were associated with AIC or placebo 
injections. 

Conclusions: AIC, injected in concentrations that were 
approximately 40-fold lower than those used in most murine 
studies published to date, led to a prolonged shift from Th2 
immunity toward ThI immunity and appeared to be safe. This 
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novel approach has the potential for immune redirection in 
human immediate hypersensitivity diseases. (J Allergy Clin 
Immunol 2004;113:1144-51.) 

Key words: Allergen-specific immunotherapy, allergen vaccines, 
Amb a I, chemokines, cytokines, DNA vaccines, humans, immuno- 
stimulatory DNA sequences, ragweed allergy 

Redirecting the underlying immune dysfunction that 
elicits and maintains immediate hypersensitivity diseases 
in humans remains an unmet challenge.' The immunol- 
ogic mechanisms associated with these diseases involve 
a spectrum of CD4"^ T cells, including regulatory T cells, 
€025" cells, natural killer T cells, and ThK Th2, and Th3 
cells." Allergen-specific immunotherapy aims to correct 
this underlying immune imbalance, particularly by 
attempting to redirect the established TH2-dominated 
response to a more balanced TwXITwl response.^"^ Al- 
though conventional allergen-specific immunotherapy has 
proved dose-related efficacy, it is neither optimally 
convenient nor perfectly safe. Considerable attention has 
therefore been focused on development of novel immu- 
notherapy strategies.^'^ 

In animal studies immunostimulatory DNA sequences 
(ISSs), which occur naturally in prokaryotes but are 
largely absent from vertebrates, induce ThI -biased (type 
1 -biased) immune responses and inhibit development of 
Th2 (type 2) immunity when administered before antigen 
exposure,^' '"^ thus effectively inducing a strong and long- 
lasting commitment to ThI -biased immunoregulatory 
responses. ISS administration to animals with established 
immediate hypersensitivity, in which the allergen-specific 
response is already committed to a Th2 phenotype, has 
been less consistently effective. Although some in- 
vestigators have had little success in redirecting pre- 
established TH2-dominated immunity, "^''^ others'^''^ 
have elicited 2- to 4-fold reductions in Th2 cytokines, 
such as IL-5, concomitant with similar increases in IFN-y, 
suggesting that DNA-based therapeutics are potentially 
useful for the treatment of human immediate hypersensi- 
tivity diseases. 

Amb a I predominates among approximately 20 
allergens in Ambrosia artemisiifolia. It has a molecular 
mass of 37,800 d, has been sequenced and otherwise 
thoroughly studied, and is currently used to standardize 
short ragweed allergen extracts and to define the target 
dose of short ragweed allergen in conventional immuno- 
therapy.^ 
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Abbreviations used 



Ag: 


Antigen 




Amb a I— immunostimulatory DNA sequence 




conjugate 


Amb a 1 : 


Immunodominant allergen from Ambrosia 




artemisiifoHa (short ragweed) 


A M A ■ 
APJA. 


Anti-nuclear antibody 


AINU V A. 


Analysis of variance 




Complement 




Cluster of differentiation 




L^coAy nuoiiucjcit uciu 


ELISA: 


Enzyme-linked immunosorbent assay 


IFN-y: 


Interferon-gamma 


IgE: 


Immunoglobulin E 


IL: 


Interleukin 


ISS: 


Immunostimulatory DNA sequence 


MHC: 


Major histocompatibility complex 


PBS: 


Phosphate-buffered saline 


PHA: 


Phyiohemagglutinin 


SE: 


Standard error 


Th: 


T helper 



Preclinical rodent studies have demonstrated that con- 
jugation of Amb a 1 and ISS leads to more potent induction 
of Amb a 1-specific ThI immune responses and greater 
suppression of Th2 immune responses than a simple 
mixture of Amb a I and ISS.^^The effect of ISSs added to 
cultures of human cells suggests their potential for 
revolutionizing allergen-specific immunologic treat- 
ment.^''*^"*"* We hypothesized that Amb a 1 linked to 
ISS would have the capacity to redirect pre-established 
allergen-specific immunoregulatory cytokine and chemo- 
kine recall responses in humans with ragweed allergy. 

METHODS 

This randomized, third party-blinded, pi ace bo -control led Phase I 
investigation was approved by the University of Manitoba Research 
Ethics Board, and written informed consent was obtained from all 
participants. The study was conducted entirely in midwinter, when 
there was no exposure to ragweed or other pollens. Individuals 
received 6 injections of investigational vaccine or placebo adminis- 
tered at weekly intervals (Fig I). 

Investigational vaccine 

Tlie Amb a 1 immunostimulatory DNA sequences conjugate 
(AIC) vaccine consisted of purified Amb a 1 linked to the 
immunostimulatory phosphorothioate oligodeoxyribonucleotide 
1018 (22 bases in length with sequence of 5'-TGACTGTG- 
AACGTTCGAGATGA-3'; prepared at Avecia, Boston, Mass, for 
Dynavax Technologies Corp, Berkeley, Calif). Each vial contained 
0.7 mL of AIC at a concentration of 30 Mg/mL by protein in PBS. 
Thiny micrograms per milliliter of AIC contained approximately 28 
Hg/mL ISS 1018. The AIC was stored at -60°C, thawed at room 
temperature, and diluted serially with PBS. PBS was also used for 
control injections. Throughout the study, all participants and clinical 
and laboratory personnel involved were blinded as to whether AIC or 
placebo was injected, with the exception of one nurse who prepared 
and injected the AIC or placebo but had no other involvement. 



Participants 

We included individuals age 18 to 60 years who had a history of 
fall allergic rhinitis symptoms and a positive epicutaneous test result 
of at least Sm (sum of longest diameter of erythema plus width of 
erythema measured perpendicularly to longest diameter) to licensed 
standardized ragweed extract (Greer Laboratories, Inc, Lenoir, NC). 
Individuals were excluded if they had any clinically significant 
illness, were pregnant, were breast-feeding, or required daily treat- 
ment for asthma at the time of the study; had ever had a hospital 
admission for asthma or received anti-lgE antibody; had received 
ragweed immunotherapy within the previous 5 years; or had taken 
immunosuppressive medication, including systemic corticosteroids, 
within the previous month. Throughout the study, AIC or placebo 
injections were administered only if participants continued to meet 
these criteria. Women of child-bearing potential had negative preg- 
nancy test results at study entry and before each injection. 

Study plan 

At baseline before the first subcutaneous injection of AIC or 
placebo and 2 and 16 weeks after the sixth and last injection, medical 
history was taken, physical examination was performed, and 40 mL 
of blood was obtained for immunologic tests (Fig 1 ). Weekly AIC or 
placebo injections in incremental doses of 0.06, 0.3. 1 .2, 3.0, 6.0, and 
1 2.0 j,ig were scheduled. Adjustments in the dose regimen were made 
for missed injections and for local or systemic reactions to injections, 
if any. The AIC or placebo dose was increased if the preceding 
injection resulted in a local reaction of less than 2 cm in mean 
diameter, repeated if the injection resulted in a local reaction of 2 to 4 
cm in mean diameter, and decreased by 50% if a local reaction of 
greater than 4 cm in mean diameter or a systemic reaction occurred. 
Participants who experienced a second reaction on dose escalation 
(following the 50% dose reduction after their first reaction) had their 
dose decreased by 50% and subsequently received the reduced dose 
until the end of the study. 

Imnnunologtc tests 

Fresh PBMCs were isolated and used for short-term primary 
culture at 5 X lOVmL for antigen and 2.5 X 10*'/mL for polyclonal 
stimulation, with at least 2 wells per condition. Cells were culOired (I) 
in the absence of stimuli; (2) with standardized short ragweed extract 
(309 antigen units/mL. 25 mg/mL; stock from Greer Laboratories Inc, 
Lenoir, NC), titrating each subject over a concentration range of 1 , 10, 
and 100 }.ig/mL; and (3) with recall antigen streptokinase (Aventis 
Phanna, Montreal, Quebec, Canada) at 5000 U/mL or PHA (Sigma- 
Aldrich Canada Ltd, Oakville, Ontario, Canada) at suboptimal (2 ng/ 
mL) and optimal (10 ng/mL) concentrations. Culture supematants 
were harvested at the times we identified in previous experiments to 
yield optimal cytokine and chemokine responses,^*'"'^^ Standardized 
short ragweed extract, rather than Amb a 1, was used as the 
stimulating antigen because it is readily available, involves a broader 
panel of antigens than Amb a 1, and, as the extract widely used in 
skin testing and conventional immunotherapy, is highly clinically 
relevant.' 

Allergen-driven and polyclonally stimulated Tn2 immunity- 
associated lL-4, IL-5, IL-13, and the chemokines CCLl (1-309), 
CCL2 (MCP-i), CCLll (eotaxin-1), CCLl 7 (TARC), and CCL22 
(MDC) and Tnl immunity-associated IFN-y and the chemokines 
CXCL9 (Mig) and CXCLIO (IP- 10), as well as T regulatory- 
associated IL-10, were quantified. Ultrasensitive absorbance or 
chemiluminescense ELISAs developed in our laboratory and 
described in detail in previous publications^*'*^' were used. Worid 
Health Organization standards were used where available. In all 
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\ AlC or PBS injection x6 
CytokJnes & chemotclnes 



U 
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1 2 3 4 5 6 7 8 9 10 11 12 1) 14 15 14 17 18 19 20 21 22 23 

A A weeks A 

FIG 1 . Time course of the study: six injections of AIC in incremental doses from 0.06 to 1 2 mQ per injection or of 
placebo (PBS) were given at weekly intervals during the winter. Before the first injection and at 2 and 1 6 weeks 
after the sixth injection, ragweed-specific immunoregulatory recall cytokine and chemokine responses were 
evaluated in antigen-driven, short-term primary culture. 



participants at a!) sample times, immunologic tests were performed in 
at least 2 independent assays, with the concentration calculated from 
a minimum of 3 points falling on the linear portion of sample titration 
curves calibrated against standards nan on each plate. SEs ranged 
from 3% to 10%. 

Statistical analysis 

Data analysis included all participants, regardless of the maximum 
AIC dose injected during the study. Geometric means for the absolute 
levels of given cytokines and logs of ratios (ie, pairwise comparisons 
of IFN-y/IL-5 production) are presented. P values are derived from 
a priori contrasts from repeated-measures ANOVA on logarithmi- 
cally transformed data comparing AIC and placebo groups by using 
SAS V8.2. Significance levels are I -tailed for cytokine and 
chemokine responses elicited by the sensitizing allergen (on the 
basis of the literature and our hypothesis that AIC administration 
would lead to increased ThI and decreased Th2 responses) and 2- 
lailed for all other comparisons. 

Safety 

At each visit, diaries of symptoms and events were reviewed. 
Laboratory tests for safety, performed before the first, third, and sixth 
AIC injections and 2 weeks after the last injection, included complete 
blood count, platelet count, erythrocyte sedimentation rate, serum 
electrolytes, creatinine, blood urea nitrogen, glucose, aspartate 
transaminase, alanine transaminase, bilirubin, alkaline phosphatase, 
semm and total iron-binding capacity, C3, C4, and urinalysis. In 
addition, immunoassays for anti-nuclear antibody, anti-single- 
stranded DNA, and anii-double-stranded DNA were perfonned 
before the first and third study injections and repeated 4 and 1 6 weeks 
after the last injection. 

RESULTS 

The AIC and placebo groups were demographicaliy and 
clinically similar (AIC [n = 9]: 4 men, 41 ± 13y,76 ± 20 
kg; placebo [n = 10]; 6 men, 41 ± 13 y, 79 ± 18 kg). 
They did not differ significantly in the intensity of 
cytokine and chemokine production or in the balance 
between their ThI and Th2 immunity at preinjection 
baseline (P > .05); however, when ragweed-specific re- 
sponses were evaluated 2 and 16 weeks after the sixth and 
last injection, the individuals in the AIC group exhibited 



striking reorientation of their ragweed-specific recall 
responses (Table I and Fig 2). 

Ragweed-specific TH2-associated responses 
are reduced after injection of ISS linked to 
Amb a 1 

Under conditions of both optimal and suboptimal 
allergen concentrations (100 and 10 |ag/mL, respectively, 
with the latter used for enhanced sensitivity to possible 
changes in allergen-specific responses), ragweed-depen- 
dent production of the Th2 chemokine CCL17 was 
markedly lower (medians, 4230 vs 1808 pg/mL, 
P = .005) in the AIC group than in the placebo group 
(Table I). The median intensity of these reductions was 
similar at 2 and 16 weeks after treatment, ranging from 
2- to 4-fold under the various conditions assessed; indeed, 
CCL17 levels were suppressed to background levels 16 
weeks after AIC injections (P = .004). Similarly, rag- 
weed-dependent CCL22 responses, also initially indistin- 
guishable in the AIC and placebo groups {P - .14), were 
reduced after AIC injections but not after placebo 
injections (medians of 22,925 vs 7746 pg/mL 
[P<mQ2\ at 2 weeks and medians of 16,317 vs 8103 
[P<mi] at 16 weeks). 

In addition, 200% to 400% dampening of some Th2 
immunity-associated cytokine responses was found. 
Under conditions of maximal recall responses (ragweed, 
100 |.tg), median IL-5 recall responses were reduced by 
one third (medians, 293 pg/mL in the placebo group 
vs 1 98 pg/mL in the AIC group, P < .05) 2 weeks after the 
last injection, with somewhat stronger reductions evident 
16 weeks after the last injection (351 vs 148 pg/mL, 
P = .001). Baseline IL-5 recall responses were indistin- 
guishable between the groups (P > .05). The same picture 
emerged by using threshold concentrations (10 \ig of 
ragweed: 247 vs 100 pg/mL, P = .005 at 16 weeks). 
Ragweed-driven IL-13 responses were not detectably 
altered before treatment (P = .24 and P = .48 for 10 and 
100 |ig of ragweed, respectively) at 2 weeks (P = .46 and 
P = .48, respectively) or 16 weeks after the last injections 
(P = .12 and P = .27, respectively). IL-4, CCLI, CCL2, 
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stimulation with sensitizing allergen at suboptimal (1 and 10 Mg/nnL) and optinnal (100 [ig/ml) conditions, 
streptokinase {5000 U/mL}, and polyclonal activator PHA {suboptimal, 2 mq/^L; optimal, 10 MO/mL) and 
responses in unstimulated control wells were determined in tissue culture supernatants. 



TABLE I. Ragweed-specific recall responses 

2 Wk after injection (pg/mL), 16 Wk after injection (pg/ 

PBS vs AlC AlC effect mL), PBS vs AlC AlC effect 



ThI 



CXCLIO 


10,715 vs 11,561, P > .05 




11.142 vs 27,925, 004 


T 


CXCL9 


2344 vs 49\5,P<m 


1 


1998 vs 375UP> .05 




IFN-Y 


161 vs 483, P = -004 to = .015 


1 


219 vs 207. P > .05 














CCL17 


4230 vs 1808, 7^ = . 005 


1 


6836 vs 2697, P = .004 


1 


CCL22 


22,925 vs 7746, 0002 


i 


16,317 vs8i03. P<,007 


i 


IL-5 


293 vs 198, P<.05 


i 


351 vs 148, P = .001 


i 


IL-13 


226 vs 265. P = .48 




120 vs 122. P = .27 




T regulatory 










IL-10 


179 vs 473, P = .03 


T 


403 vs 590, P > .05 





AlC versus placebo: t. significant increase; [, significant decrease; no significant effect. 



and CCLll responses were less than the levels of 
detection in virtually all allergen-driven responses exam- 
ined (1, 10, and 100 jig/mL ragweed). 

Ragweed-specific Tnl-associated responses 
are increased after injection of ISS linked 
to Amb a 1 

CXCLIO levels were similar in the treatment groups at 
study entry, but by 16 weeks after the last injection, as 
compared with the placebo group, there were 3 -fold 
increases in the AIC group (medians, 1 1 , 142 vs 27,925 pg/ 



mL; P<.004; Table I). CXCL9 responses, usually 
coregulated with CXCLIO and also highly IFN-y de- 
pendent, were substantial in both treatment groups and 
also trended higher after AIC. Classical markers of ThI 
immunity, such as IFN-y, were enhanced on ragweed 
restimulation, with individuals in the AIC group ex- 
hibiting median responses 2- or 3-fold higher than those in 
the placebo group (161 vs 483 pg/mL, f = .004 to 
P = .015) at 2 weeks after treatment. Interestingly, unlike 
the changes in Th2 immunoregulatory cytokines and 
chemokines, these increases in IFN-y did not persist at 16 
weeks (219 vs 207 pg/mL, P = .24). 
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3- 



^8* 2- 



Ragweed 

p = 0.006 



p = 0.015 



Streptokinase 



p>0.05 p>0.05 




Placebo AlC Placebo AlC 



Placebo AlC Placebo AlC 



O 1.5- 
0.5 



CO 

a: 



-0.5 



p = 0.01 p= 0.00005 



p > 0.05 



p > 0.05 





Placebo AlC Placebo AlC 



Placebo AlC Placebo AlC 



wk 9 



wk23 



wk 9 



w23 



FIG 3. Modification of ragweed-driven, but not streptokinase-drlven, cytokine and chennokine responses in 
individuals with ragweed allergy after AlC administration. Results are displayed as the nrtedian log ratio of IL-5/ 
IFN-y production and CXCL10/CCL17 production. Boxes indicate the limits of the 25th and 75th percentiles 
(AlC group, n = 9; placebo [PBS] group, n = 10) for each comparison. P values represent statistical 
significance from repeated-measures ANOVA on logarithmically transformed data. 



IL-10 responses, of interest because of their potential 
role in regulatory T-cell biology, exhibited a transient 
increase in the AIC group compared with the placebo 
group at 2 weeks (473 vs 1 79 pg/mL, P = .03) that was not 
evident at 16 weeks. 



Shifting the immunologic balance away 
from TH2-dominated immunity 

The ratios of cytokine and chemokine responses were 
examined to obtain a broader measure of the effect of AIC 
administration on the balance of immunity than is possible 
through examination of individual cytokines. Median 
ratios of ragweed allergen-driven Th2/Th 1 (IL-S/TFN-y) 
recall responses (Fig 3) demonstrate striking reductions. 
Whereas responses to sensitizing allergen were indistin- 
guishable in the 2 groups before AIC or placebo injection 
(P = .22), AIC led to 3- to 10-fold changes in the balance 
of the ragweed-specific recall response, shown as 
ragweed-stimulated IL-S/IFN-y. This redirection contin- 
ued to the end of the study (median ratios of 200: 1 vs 69: 1 
and 562:1 vs 64:1 at 2 and 16 weeks, respectively, after 
the last injecdon). Use of threshold antigen stimulation 
conditions (ragweed, 10 )ag/mL) also demonstrated 



placebo and AIC groups to be indistinguishable initially 
{P = .24), followed by redirection of the TH2yTHl 
response at 2 and 16 weeks (257 vs 100, P = ,025) after 
treatment. 

The ratios of Th1/Th2 chemokine responses were 
indistinguishable between the groups before the injections 
(all P > .05). The AIC group exhibited a 5-fo!d shift in 
the ragweed-specific balance 2 weeks after the last injec- 
tion (P = .01) and a 9-fold shift 16 weeks after the last 
injection (median CXCL10/CCL17 ratios of 1 .6 vs 14.5 in 
the placebo group vs the AIC group, respectively; 
P< .00005; Fig 3). Comparison of a range of other ThI/ 
Th2 indicators revealed similar 2- to 9-fold shifts in 
allergen-driven recall responses (IFN-y/IL-S, P < .05, and 
CXCL10/CCLI7,P<.01 to P<. 0001). 

Global effect of AIC administration 

In contrast to the effect of AIC on ragweed-specific 
recall responses, neither ThI nor Th2 recall responses to 
streptokinase (Fig 3 and Table II) nor the global capacity 
to respond after polyclonal activation with PHA were 
generally altered. In streptokinase-driven recall responses, 
IFN-Y (P = .75 to P = .97) and CXCLIO (P = .39 to 
P = .99), as wellasCCL17(P = .5! toP = .93), and IL-5 



J ALLERGY CLIN IMMUNOL 
VOLUME 113, NUMBER 6 



Simons et al 1149 



{P - 2 \ to P - .44), were unaffected when comparing the 
AlC group and the placebo group before the injections and 
at 2 and 16 weeks after the last injection. 

Mirroring cytokine responses, the ratios of CXCLIO/ 
CCL17 production in unstimulated medium controls 
(P = .38 to P = .78), in streptokinase-stimulated cultures 
(P = .99 toP - .94; Fig 3), or in cultures stimulated with 
PHA under threshold (P = .59 to P = .64) or maximal 
{P = .94 to P = .65) activation conditions did not differ 
detectably between the placebo and AIC groups. 

Adverse effects 

Ail 19 participants completed the series of injections 
and all related tests. Five of the 9 participants receiving 
AIC did not require any dose adjustments and tolerated the 
sixth and final dose of 1 2 |-ig (total dose, 28 ^g), whereas 4 
of the 9 participants required a reduced AIC dose as per 
protocol because of local reactions involving some 
combination of itch, pain, warmth, and redness. Nine of 
the 10 participants receiving placebo did not require a dose 
reduction. No clinically significant systemic or local 
allergic reactions were associated with AIC or placebo 
injections. No individual withdrew^ from the study because 
of adverse effects. Reported adverse events were generally 
mild and considered to be unrelated to AIC or placebo 
injections. No clinically relevant changes in hematology 
or blood chemistry test results were found. 

DISCUSSION 

In this proof-of-concept study of a novel approach to 
immune modulation in humans, we determined the effect 
of AIC on ongoing immunoregulatory responses and 
investigated its safety. We demonstrated for the first time 
that human systemic in vivo Th2 cytokine and chemokine 
ragweed-specific recall responses and IL-5, CCL17, and 
CCL22 levels readily detectable 6 months after the end of 
the ragweed season were markedly reduced after AIC, but 
not placebo, injections. In some individuals, reductions to 
background levels occurred. Interestingly, IL-13 recall 
responses to ragweed were largely unaffected under the 
conditions tested, and IL-4 responses to ragweed were 
generally less than detection limits. In contrast, ragweed- 
specific ThI immune responses included transiently 
increased IFN-y and CXCL9 production and long-term 
increases in CXCLIO production in the AIC group 
compared with the placebo group. These allergen-de- 
pendent responses are strictly dependent on CD4'*" T-cell 
activation, MHC class II antigen presentation, and 
costimulation through CD80/CD86 pathways (Stinson 
MJ, et al, manuscript in preparation). Given the small 
number of individuals in the study, no post hoc analysis of 
the relationship between maximum total dose of AIC 
injected and immunologic responses was attempted. 
Although only 5 individuals received the full dose of 
AIC, data from ail individuals in the AIC group, regardless 
of the total AIC dose injected, were compared with data 
from all individuals in the placebo group. 



Different ISSs exhibit different levels of activity in 
different species. In some murine studies, ISS- 
driven changes have been global rather than allergen 
specific, a potential concern in human immunotherapy. In 
marked contrast, in this study immunologic changes were 
mainly restricted to ragweed-specific responses, possi- 
bly because the amount of ISS administered was sub- 
stantially less than that in most animal studies to date. 
Although mice are typically given 2 to 5 injections of 50 to 
100 |ig (approximately 10-15 mg/kg total) of ISSs mixed 
with antigen, participants in this study who received the 
full course of AIC injections received approximately 0,3 
|.ig/kg ISS linked to Amb a 1 . Selection of this lower dose 
was based on animal studies demonstrating that linkage of 
antigen to ISS markedly enhances its immunogenicity and 
reduces its allergenicity in comparison with simply mixing 
it with an ISS.^"'^**'^^'^^ Therefore the 2- to 5-foid increases 
in ThI cytokine and chemokine profiles and similar 
reductions in Th2 cytokines (predominately IL-5) seen in 
successful murine studies modifying established Th2- 
biased immunity *^***^'^^ were achieved in this human study 
by using 3000-fold less ISS linked to antigen (comparable 
with 30,000- to 50,000-fold less ISS mixed with antigen). 
Clearly, only very small amounts of linked ISSs are 
required to alter the immunoregulatory cytokine and 
chemokine recall response to sensitizing allergen in 
humans, and under these conditions, the immune re- 
direction achieved does not result in a potentially 
dangerous global redirection of immune capacity but 
rather is restricted to the specific immune responses 
targeted. 

Another important distinction between murine studies 
and the human study reported here concerns the nature of 
the experimental protocol and duration of biologic effects 
induced. Most studies of ISS administration aiming to 
downregulate ongoing Th2 responses in animals have 
involved injections immediately (usually 1-3 days) before 
evaluation of recall cytokine responses, irrespective 
of whether ISSs were given without allergen,'^" with 
allergen added, or with allergen chemically linked to the 
ISS. However, in contrast to ISSs used to influence initial 
responses in naive animals in which induction of ThI - 
biased immunity persists for more than 1 year, activity of 
ISSs in ongoing murine allergy models has generally been 
found to be short lived, persisting between I and 2 months, 
after which time the specific recall responses in animals 
receiving ISSs are often indistinguishable from the 
responses in those receiving placebo.*^ We therefore 
designed this study to evaluate potential short-term (2 
weeks after completion of treatment) and sustained (16 
weeks later) alterations in responses to ragweed and 
unrelated antigen. Several observations are apparent. First, 
changes in allergen-dependent recall responses, the ex- 
pression of which is associated with ThI (CXCL9, 
CXCLIO) and Th2 (CCL17, CCL22) responses, were 
readily observed indicators of Th1/Th2 immunity. 
Second, unlike in murine studies, ISS administration in 
humans resulted in sustained alterations in the Th1/Th2 
balance of recall responses, which lasted for at least 16 
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TABLE II. Responses to streptokinase and PHA 










2 Wk after injection 




ID WK aiTer injecxion 






(pg/mL), PBS vs AlC 


AlC effect 


(pg/mL), PBS vs AlC 


AlC effect 


Streptokinase 

T 1 












91 997 vc 91 '\R0 P - 'iQ 




33,113 vs 32,359, P= .99 




IrN-y 


7'?^ vc 794 P — 07 




518 vs 449, P = .75 














CCL17 


9617 vs 20S9 P = ^ 1 




1920 vs 1984, P = .93 






\)j VS o I , / — .ft 




64 vs 40, P = .21 






1 'ifl V c 9 1 n P — 09 


i 


50 vs 77, P .05 




I icguiaiury 










IL-IO 


246 vs 328, P = ,69 




307 vs 357, P = ,53 




PHA 










ThI 










CXCLIO 


7244 vs 7079, P = .98 




15,488 vs 12,882, P= .57 




IFN-v 


3738 vs 2553, P = .53 




6325 vs 3347, P = .28 


— 












CCL17 


2208 vs 1959, P = . 71 




HUO** vs U, r — , J / 




IL-5 


147 vs 145, P .97 




103 vs 128, P= .34 




IL-13 


556 vs 706, P = .38 




399 vs 424, P = .79 




T regulatory 










IL-10 


5653 vs 3678, P<.05 


i 


5767 vs 3328, P<. 02 





AIC versus placebo: ~. no significant effect; j, decrease. 



weeks. Interestingly, although enhanced ThI cytokine and 
chenaokine synthesis and reduced Th2 cytokine and 
chemokine synthesis were both clearly evident in the 
ragweed-specific response 2 weeks after AIC treatment, 
these changes were relatively transient. The most durable 
effect of AIC injections, seen 16 weeks later, was the 
reduced Th2 regulatory responses. 

This may have important implications for immuno- 
modulation in humans. Although immediate hyper- 
sensitivity diseases are classically defined as Th2 
dependent, there is considerable evidence of enhanced 
IFN-y synthesis during chronic allergen stimulation.' 
Excessive ThI cytokine and chemokine production could 
potentially have negative consequences by exacerbating, 
rather than reducing, this inflammatory process. Our ob- 
servations in this translationai research suggest that ISS 
administration by means of an allergen-linked molecule 
may lead to pronounced inhibition of allergen-specific 
Th2 responses without chronically high levels of IFN-y 
expression. ISSs are markedly lower in toxicity than other 
danger signals such as LPSs and other pathogen- 
associated molecular patterns to which the innate immune 
system is programmed to respond promptly and vigor- 
ously. 

AIC appeared to have a good safety profile, as indicated 
by 100- to 300-fold decreased allergenicity^^ and few 
adverse effects, despite the high doses of ragweed allergen 
injected in this study relative to those injected in con- 
ventional allergen-specific immunotherapy regimens. 
History, physical examination, and clinical laboratory 
evaluations did not suggest any evidence of global 
immune stimulation. The local reactions observed with 
AIC injections were similar to those observed with 



licensed ragweed allergen extracts and were consistent 
with pre-existing ragweed allergy. 

In summary, we have demonstrated for the first time 
that injections of AIC in humans with ragweed allergy 
resulted in a marked shift in systemic in vivo allergen- 
specific immunoregulatory responses characterized by 
transiently enhanced IFN-y and longer-temi inhibition of 
Th2 cytokine and chemokine responses, including IL-5, 
CCL17, and CCL22. The net effect of this intervention 
was a shift in the Th1/Th2 immunoregulatory cytokine 
and chemokine balance of the ragweed-specific response 
without global effects on the immune system because 
the effects of AIC administration were restricted to the 
sensitizing allergen, with minimal detectable differences 
in responses to an unrelated antigen or to broader immune 
activation. 

We thank L. M. Johnston, RN; S. S. Goritz, RN; and M. J. 
Stinson, BSc, MSc, for technical assistance and M. Cheang, 
M.Math(Stat), for statistical analyses. 

REFERENCES 

1. Holgate ST. The epidemic of allergy and asthma. Nature 1999; 
402{suppl):B2-4. 

2. Umetsu DT, Akhari O, Dekruyff RH. Regulatory T cells control the 
development of allergic disease and asthma. J Allergy Clin Immunol 
2003; 11 2:480-7. 

3. Durham SR. Till SJ. Immunologic changes associated with allergen 
immunotherapy. J Allergy Clin Immunol 1998;102:157-64. 

4. Secrist H. Chelen CJ, Wen Y. Marshall JD. Umetsu DT. Allergen 
immunotherapy decreases interleukin 4 production in CD4+ T cells from 
allergic individuals. J Exp Med 1993;178:2123-30. 

5. Jutet M, Pichler WJ, Skrbic D. Urwyler A, Dahinden C, Muller UR." Bee 
venom immunotherapy results in decrease of IL-4 and IL-5 and increase 
of IFN-gamma secretion in specific allergen-stimulated T cell cultures. 
J Immunol 1995;154:4187-94. 



J ALLERGY CUM IMMUNOL 
VOLUME 113, NUMBER 6 



Simons et al 1151 



6. Jutel M, Akdis M, Budak F, Aebischer-Casaulta C, Wrzyszcz M, B laser 
K, et aL IL-10 and TGF-beta cooperate in the regulatory T cell response 
to mucosal allergens in normal immunity and specific immunotherapy. 
Eur J Immunol 2003;33:1205-14. 

7. Nelson HS. Immunotherapy for inhalant allergens. In; Adkinson NF Jr, 
Yunginger JW, Busse WW. Bochner BS, Holgate ST. Simons FER, 
editors, Middleton's allergy; principles and practice. 6th ed. St Louis: 
Mosby, Inc; 2003. p. 1455-73. 

8. Bousquel J, Lockey R, Mailing HJ. Allergen immunotherapy: therapeu- 
tic vaccines for allergic diseases. A WHO position paper. J Allergy Clin 
Immunol 1998; 102:558-62. 

9. Krieg AM, Yi AK. Matson S. Waldschmidt TJ, Bishop GA, Teasdale R, 
et al. CpG motifs in bacterial DNA trigger direct B-cell activation. 
Nature 1995;374;546-9. 

10. Hsu CH, Chua KY. Tao MH. Lai YL, Wu HD, Huang SK, el al. 
Immunoprophylaxis of allergen-induced immunoglobulin E synthesis 
and airway hyperresponsiveness in vivo by genetic immunization. Nat 
Med 1996;2:540-4. 

11. Roman M. Martin-Orozco E, Goodman JS. Nguyen MD, Sato Y, 
Ronaghy A, et al. Immunostimulatory DNA sequences function as T 
helper- 1 -promoting adjuvants. Nat Med 1997;3:849-54. 

12. Cohen AD, Boyer JD. Weiner DB. Modulating the immune re.spon.se lo 
genetic immunization. FASEB J I998;12;161 1-26. 

13. Roy K. Mao HQ. Huang SK. Leong KW. Oral gene delivery with 
chitosan — DNA nanoparticles generates immunologic protection in 
a murine model of peanut allergy. Nat Med 1999;5:387-91. 

14. Kovarik J, Bozzotti P, Love-Homan L. Pihlgren M, Davis HL. Lambert 
PH, et al. CpG oligodeoxynucleotides can circumvent the Th2 po- 
larization of neonatal responses to vaccines but may fail to fully redirect 
Th2 responses established by neonatal priming, J Immunol 1999; 162; 
1611-7. 

15. Peng Z. Wang H, Mao X, HayGlass KT, Simons FER. CpG oligo- 
deoxynucleotide vaccination suppresses IgE induction but may fail to 
downreguiale ongoing IgE responses in mice. Int Immunol 2001; 13:3-1 1 . 

16. Sur S, Wild JS, Choudhury BK. Sur N, Alam R, Klinman DM. 
Long term prevention of allergic lung inflammation in a mouse 
model of asthma by CpG oligodeoxynucleotides. J Immunol 1999; 162; 
6284-93. 

17. Homer A A, Van Uden JH. Zubeldia JM. Broide D, Raz E. DNA-based 
immunotherapeutics for the treatment of allergic disease. Immunol Rev 
2001;179:102-18. 

18. Kline JN. Effects of CpG DNA on Thl/Th2 balance in asthma. Curr Top 
Microbiol Immunol 2000;247:21 1-25. 

19. KUnman DM, Bamhart KM, Conovcr J. CpG motifs as immune 
adjuvants. Vaccine 1999; 17; 19-25. 

20. Tighe H, Takabayashi K, Schwartz D, Van Nest G. Tuck S, Eiden J J, 
et al. Conjugation of immunostimulatory DNA to the short ragweed 
allergen Amb a 1 enhances its immunogenicity and reduces its 
allergenicity. J Allergy Clin Immunol 2000;106:124-34. 



21. Bohle B, Jahn-Schmid B, Maurer D, Kraft D, Ebner C. Oligodeoxy- 
nucleotides containing CpG motifs induce IL-12. IL-I8 and IFN-gamma 
production in cells from allergic individuals and inhibit IgE synthesis in 
vitro. Eur J Immunol 1 999 ;29; 2344-5 3. 

22. Hartmann G, Krieg AM. CpG DNA and LPS induce distinct patterns of 
activation in human monocytes. Gene Ther 1 999; 6; 893 -903. 

23. Marshall JD. Ablahi S, Eiden JJ, Tuck S, Milley R, Haycock F, et al 
Immunostimulatory sequence DNA linked to the Amb a 1 allergen 
promotes T(H)1 cytokine expression while downregulating T(H)2 
cytokine expression in PBMCs from human patients with ragweed 
allergy. J Allergy Clin Immunol 2001;108:191-7. 

24. Marshall JD, Fearon K, Abbate C, Subramanian S, Yee P, Cregorio J, 
et al. Identification of a novel CpG DNA class and motif that optimally 
stimulate B cell and plasmacytoid dendritic cell functions. J Leukoc Biol 
2003;73:781-92. 

25. Li Y. Simons FER, HayGlass KT. Environmental antigen -induced IL-13 
responses are elevated among subjects with allergic rhinitis, are 
independent of IL-4, and are inhibited by endogenous IFN-gamma 
synthesis, J Immunol 1998; 16 1:7007-1 4. 

26. Gangur V. Simons FER, HayGlass KT. Human IP- 10 selectively 
promotes dominance of polyclonal !y activated and environmental 
antigen-<lriven IFN-gamma over IL-4 responses. FASEB J 1 998; 1 2: 
705-13. 

27. Uwkowich IP, Campbell JD. HayGlass KT. Comparison of chemilu- 
minescenl assays and colorimelric ELISAs for quantification of murine 
IL-12, human IL-4 and murine lL-4: chemi luminescent substrates 
provide markedly enhanced sensitivity. J Immunol Methods 2001 ;247: 

m-8. 

28. Santeliz JV, Van Nest G, Traquina P, Larsen E, Wiils-Karp M. Amb a 1- 
linked CpG oligcxieoxynucleotides reverse established airway hyper- 
responsiveness in a murine model of asthma. J Allergy Clin Immunol 
2002;109:455-62. 

29. Krieg AM. The role of CpG motifs in innate immunity. Cunr Opin 
Immunol 2000; 12:35-43. 

30. Gurunathan S, Klinman DM, Seder RA. DNA vaccines: immunology, 
application, and optimization. Annu Rev Immunol 2000;18:927-74. 

31 . Bohle B. CpG motifs as possible adjuvants for the treatment of allergic 
diseases. Int Arch Allergy Immunol 2002; 1 29; 198-203. 

32. Cho HJ, Takabayashi K, Cheng PM, Nguyeii MD, Corr M. Tuck S, et al. 
Immunostimulatory DNA-based vaccines induce cytotoxic lymphocyte 
activity by a T-helper cell-independent mechanism. Nat Biotechnol 
2000;18:509-14. 

33. Shirota H. Sano K, Kikuchi T, Tamura G, Shirato K. Regulation of T- 
helpcr type 2 cell and airway eosinophilia by transmucosal coadminis- 
tration of antigen and oligodeoxynucleotides containing CpG motifs. Am 
J Respir Cell Mol Biol 2000;22:176-82. 

34. Magone MT, Chan CC, Beck L, Whitcup SM, Raz E. Systemic or 
mucosal administration of immunostimulatory DNA inhibits eariy and 
late phases of murine allergic conjunctivitis. Eur J Immunol 2000;30: 
1841-50. 



Melanoma and sarcoma 



137 



imisslon was obtained In 31 cases (82%). parUal nspotue fa 2 eases 
(5%), piogression In 2 (S%), and 3 patients wero not equated. Nineteen 
patients xelapsed (50%), ten (26%) with systemic relapse, four (13%) local 
and !fivo (13%) loooreglonal fiailnie. At tlie moment of the anatyds the 
median foQow-np Is 64 months (Umits 12-233), 14 patieflts arc alive and 
. disease-free (37%), 5 patients are alive hi relapse (13%) and 19 patients 
died. 16 (42^) secondary to tumor progressloD and 3 (6%) other 
causes. Median survival of 54 months end ten year survival of 36%^ 
Median survival in patients treated before 1990 was 47 montlo; hi 
patients treated after that date the median survival has sot been arised 
(p=0.49}. Median survival in patients treated only with RT was of 47 
months and in patients m which CT was added tiie survival was of 53 
months (ps=0.l^ CONCLUSIONS: Undifferentiated nasopharyngeal 
earctnoma is an uncommon tumor. Median age of the patients Is lower 
than age of diagnosis of liead and neck canoer. The disease ^paara at 
advanced stages. RT Is the main therapeutic modality and the overall 
response rate must b» near 70%. Combination treatment (RT-CT) 
improves the results and is conaddcred today the standard treatment 
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1 5770 1 Incb!eDce» lirovalence, phenotype and biologic i _ 

of gastrobitestinal stromal ceU tomora (GU^ - A 
po|^tlon-based study of 600 cases - 

^nufinnTiflr Kmdblmw (1), Jeanse Meis-Kindblom U). Per Btlrammg 
(2), Sasa Dimitrijevic PX Monscnat Miiet (4). Aydin Dortok (5). Bengt 
Nilsson(2) ' ' 

(1) Sahlgrenslca University Hospital Dept of Pathology. Goteborg, 
Sweden 

(2) Sahlgrenska University Hospital, Dept of Surgery, OSteborg. 



<2) Novartls Pharma AO, Basel. Switzerland 

(3) Novaftis Pharma AG, Barcelona, Spain 

(4) Novartis Pharma AG, Bast Hanover, New Jersey, USA 

The recent refinement of diagnostic criteria for GIST and particnlarly 
die al^lity to detect the KIT receptor hnmunohistoGhemlcaUy with 
CDlt? have now made it possible tto deieimine the true tnddemx and 
prev^enoe of GIST. With the devdopment bf the remarkably dfective 
new treatment modality OUvec (imatinib. formerly STI571, NovartisX a 
KIT receptor tyrosine kinase inhibitor, iurthsr definition of dlagnmtic 
criteria and prognostie markers has become extremely imitortant Most 
previous la^ studies of GIST are probably biased regaxding its 
spectrum of biolo^ behavior, diice they have been based primarily on 
cases that have. been diagnosed and/or treated at a referral center. Our 
study ahns to analyze a well-defined population firom southwestern 
Sweden (population approximately 1.5 nmlion) where all histopathologic 
diagnoses have been made in four pthology laboratories. AU potential 
cases of GIST diagnosed between 1983 and 2000 have been retrieved and 
reviewed, resulting m a total of 600 GIST fblfiUmg diagnostic criteria 
which included CD] 17 inununoreactivity* Histolo^ and 

~ iimnunop^oty^io features have been analyzed as well as det^ of 
cUnical presentation, behavior, tieatment, and prognosis. In addition, 
tnaterial has been obtained for a time array bank and for KIT mutation 

.analysis. AQ data is currently being subjected to multivariaxe statistical 
analysis. Our results mdicato that 1) symptomatic/cihiicBlly detected 
GIST occur vnth an madence of approximately 20 casea/million 
hihabitants per year; 2) GIST b a rather common incidental finding at 
sorgeiy, endoscopy, or autopsy; 3) histologically GIST has been 
underrecognized and its malignant potential has been undsresthnated; 4) 
die histologic spectrum of GIST is wider than previously recognized; and 
5) a small subgrotqi of GIST lacking CDl 17 fanmunoreacttvity can be 
(tefine^ 



I 5780 1 Fotemustlne(F)vmtt8Dacaibaztee(DnC) OS first line 
treatment in HfaH»ini«gf<>H maUgaant melanonta (MM) 
with or without brain metastaass (J^^* A randomfzed 
phwiptrial 

A«l^apschi!d 0), M. F. AviH (2), S. Aamdal (3). J. J. Orob (4). P. 
Mohr (5), J. J. Bonerandi (4). M. Wdchenlhal (6). K. Nenbcr (7). T. 
Bieber(8),K.Oilde(9) 

(1) Untversitatfr-HantMhuk. KUnlk fOr I^ermatologie, Kiel, Qermai^ 

(2) ICR. Vni^, France 

(3) Norwe^an Radium Hospital, Oslo, Norway 

(4) CHU Ste. Marguerite, Marseille, France 

(5) Dermatol 2Sentr., Buxt^ude, Oermany 

(6) All^ Krankcnhaus St Georg, Hamburg, Oermany 

(7) University of Hamburg, Dept of Dcrstotology, Hamboxg, Germany 

(8) Universily of Bonn, Dept 6f Permatology, Bonn, Germany 

(9) National Institote of Oncology. Budapest, Hungary 

This phase HI study oonmared F (lOOmg^ W weeklv, 3 weeks) and 
DTIC (250 mgAnVd iv, S days every 3 weeks. 2 cydes) in terms of 
objective response mte (OR), safety profile, quali^ of life (QoL) using 
QtQ-C30 scores, and overall enivival (OS). Non-progcessive patients 
^ts) received a m at ntena nce titmpy every 3 wedss (F 100 va^nr or 
DTIC 250 mg^mVdx5). From 0Z98 to (39JS0, 29 pts were rendomhEBd to 
ceceivB P {n^lXZ^ or DTIC (nal 17). In the Fofl Analysis Set, the OR 
was 13.5% (P) versus (DHC) ^.053). In pts wititout BM at 
incbsioo <n33l82), the median time of BM oocnrenee was 22.7 (P) 12 
months (DTIQ (ps0.0S9X The maib toxidty was grade 3-4 neutrapada 
{$\% of pts m F arm vj 5% la DTIC aim) and fhrombooytopsnia (43% 
in P arm 75 in DTIC aim) occuring nuhdy durir^ induction: Severe 
non-hematological toxidty was infrequent, indudtpg pain (4 pts in P v,r 
17 bi DTIC) and nauseapvomiting (3 pts hi F fj 4 b DTIC). No toxic 
death occutcd. No dgnificant difTerence ^ noted for QoL results 
between anns (nslSfi). Subgroup analyses showed a general trend for 
deteriorating QoL in progr^ve pts and stable or hnmoving (2oL for 
others. At time of analysis, the median OS was 7.4 (P) vi 5.8 montiis 
(DTIQ Cp==0.073). a positive trend in fovor of P In terms of OR. OS, 
and time to BM occurence was seen in fiivt Use troatmeat of MM. Both 
treatments had acceptable safe^ proves and no diflerenoo was noted m 
QoLs 
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Heidi van Oflk (1). WtOon Sjiiit (1), Johannoke Fertile i\\ Vmoent 
Brichard (2). Rene Vcrlocs (2), Maioel Deliro (2), Oerrit Stotcr (1) 

(1) Rettexdam Canoer Isstitute/Aoaderoio Hospital Rotterdam, pept of 
Medical Oncology, Rotterdam, Neihexlasds 

(2) GlaxoSmithOne Blologicala, Rizensart, Bdg^ 

Vaccination Is a new rapadly eicpanding modality b antitomor; 
immunotherapy. To improve effectiveness of anticancer vaccines 
powerftd immunological ax^vants^ aie needed. Reeenllyt^spsd&; 
synthetic oligodeoxynucteotido segnnncBs demonstmted Immono- 
Btimulatory dlbcts. The dinucleotide CpG 7^ is a novel promising 
adjuvant for induction of both humoral end oell^mediati^ immune 
responses.- Furthermore, MAGfi-3 encoded tnmor^peciflc antigens are 
established targets for anticanoer vaodne therapy. In a ongoing phase 
\m study patients with metastatic MAGE-3 positive mdanema wore 
voodnated with CpG 7909 and MAGE-3 protdn to evaluate safbty. 
toterabiBty, immunological leactiveness and antitumor activiQr. 
Eligibility was according to standard criteria. Patients known «ith 
autoimmuns dbeases were e x jd u ded. Patients were vacdnatBd 
hitxamuscularly on days 1. 22. 43 and 64, Patients without progression 
received fbrthsr vaocmations on days 92, 113 and 134. Wo studied 2 
difTereat dose levels of CpG 7909 (500 and 1000 mierugram). The 
MAGE-3 protein dose was fixed at 300 microgram. I^csoutly 13 patients 
have been enrolled. 8 in cohort 1 and 5 b cohort 2. Eleven patients 
received at least 2 vaccinations, one 2, one 3, two 4, one 6, four 7, one 12 
and one 15 vaccinations, resipactively. Two patients b cohort I wcro not 
evoluabls due to tat^ progressive disease (1) and intercurrent 
neurologie paraneoplastic syndrome (1). Treatment was well tolerated 
with transient grade I and II toxicities cooaislbg of (bver, iatigus. 
mvolgio, headache, nausea/vomiting, tenderness and skin reaction at the 
ii^cction site with no apparent CpG 7909 dose-related differmces. One 
patient showed stable disease (12-t- months) and 1 patient developed a 
partial response (9-t- months). Pcdimlnacy immunological analysis 
showed an increase (10-1 50X) b anti-MAGE-3 antibody titers with a 
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strodger itactlon in the 1000 mlcrosrun CpO dose cohort, lo 
condualon, vaccinatioD with the fmmunologtcal adfjuvont CpO 7909 op 
to a dose of 1000 microgrtun m combination with the MAOE-3 prot^ 
U well tolerated and safe. Tbo prelimhory results of this stvdy support 
foither meordu 

I ^800 j Phase I trial of dexosomc vacclae for patleots wttb 
adronced melanoma: Final residts 

BffBftrd IBsgHriiCT 0). Thieny Dorval (2). Eric Angcvb (1), Catherine 
Boocaodo 0). Caxolme Robert (1). Olivier Lantz G0> Christian Bosnerot 
(2)» Olivier Dhdiin 0)f Nancy Valente (3)i Laurenoe Zitvogel (1) 

(1) Institot Castave Roussy, VBl^uif, France . 

(2) Institixt Curie. Paris. France 

(3) Anosys, Paris, Ffancs^ and Mcolo Pazlc. CA. USA 

Desosomes (Dendritic oeS-derived EXosomss), 60-90nm vesides 
released by inusature monocyte-derived dendritic cbDs (M]>-DQ, can be 
efBdently loaded with tumor peptides to Induce potent T ail 
stimulation. A Phase I safety and feaailibity study of DEX vaodne 
therapy was conducted in IS patients with advanced melanoma. 
EligibiBty requirements: Stage m/IV mdanoma, HLA A1^3S and 
DP04 haplot)i^, tumor Magc-S expression and + recaS skin testins. The 
DEX were Isolated from DC culture sopematont from a ahi^e 
leukapheteais (esioept m 2 pt). Tumor peptides (Mage-3A1/Mage» 
3.DP04 wore loaded onto the DC during celture (6 pts); or loaded 
Erectly onto the purified dexosomes (9 pts). Escalating doses of 
ciyopresetved DHX were admmistered by 4 weekly id/sc ix^ectlons. then 
every 3 weeks in patients who achieved stable disease or a tumor 
regression*. Hiteen patients have entered the study and 13 have 
completed vaoeine therapy as of June Ist^ 2001 Patient characteristics: 
median age 59 (range 29-76); M:P| 8:7; Stage; III S pta. IV 10 pts; $3^/» 
had prior diemotherapy; 27^0 had prior Immunotherapy; 4 patients bad 
an elevated LDH at entry. All patients had progremive diuease before 
treatment sites of metastatic disrase hictudod sldn* lung, nodes and liver. 
Resnlts: The vacdne therapy was weD tolerated, without evidence of 
serious toxidty. Among the 13 patients who have completed treatment* 
one patient with Stage DI disease achieved stable disease following the 
first 4 mjections. received 8 additional vaccine im'ections with continufid 
stable disease 15*^ months. One partial response on lymph nodes and 
one "mixed** response have \xen ' observed at ttw highest leveL 
Immunomonitoring results will be presented indnding lymphocytes 
microcnitura screened by MAOB.3-A1/B3S tetramers allowing isolation 
of $paaSe CTL clones in stable or responding patients. This phase I trial 
demonstrate that adnunistrutioo of DEX is feasible and safe with 
encoojagmg dinica} and immunological responses to support a phase n 
study in melanoma. Qinical and immune responses of all 1 S patients will 
be preKuted and updated. 
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(1). Luboslava Krasna (I), Lubos Petruzelka (1), Ivana Krajsova (1) 
(1) Charios University Hospital. Department of Oncology. Praha 2. 
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Introduction: The o-kit-gcne encodes a transmembtaiw tyrorixuj Ednase 
receptor and plays an important role in tumor growth, mvasion and 
metaitatie spnsad of malignant melanoma. Expression of c-kit was 
investigated in pzedinical studies. No large clinical study has been done 
Uius £r. Patients and Methods: Prinmry tumor specimens of 189 
radically resected patients with stage I and It malignant mdanoma were 
examined for the presence of c-kit expression. Formalin-fixed, parafSn 
embedded, tissues were stained with the polydonal rabbit anti-human c- 
kit antibody (Dako®). The univariate and multivariate analysis of e-kit 
expression and other clinical (disease free survival) or pathological 
features (Breslow. Clark, microscopio ulceration) have been performed. 
Results: In the population of 1B9 early stages melanoma patients 
oocorted 37 lecnrrences. Among investigated samples were 121 (64%) 
negativB fore-kit expression, 57 (30S^) samples were positive in less than 
S0% of cells and 1 1 (6%) samples were positive in more than 50% of ceQs. 
la univariate analyses, hiih Breslow, Qark and the presence of 
nucroscopic ulceration were sgnificantly associated with shorter disease 
free survival (respectively: pO.OOOOOl; p<0.0007: p<0.0001), c-kit 
ovenxpression ohnost reached statistical signifioanoe (p<0.0594) as a 
negative prognostic factor. In multivariate analyses the combination of 
Breslow, ulceration and o-kit appeared useful in the assessment of 
patient prognosis (re^pectivdy: p<0.0002, p<0.0062, p<0.0142). When 
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aQ parametera were correlated to each other the only strong positive 
coiTdation was found between Bredow end Qarit (ia0.61; p b 0.0001), 
Conclusion: Brtslow. dark and microscopio uloemtion woro only 
statistically significant prognostio factors. However, c-Idt expression 
almost reached the significance. The combination of Breslow, oloeration 
and o>kit assessment appeared to be ideal combmotion {n determination 
of prognosis. The smidl number of events in the study group might 
infiuence these results. Acknovdedgment; This reaaich was supported 
by the grants of the Leagiu Against Canoer, Terry Fox Foundation and 
CSZ a.8.. Thanks to Pr* Julls for the c-ldt expression determination. 

I S82P I Accnracy of seatfnel lymph node and posHrdn endsEdon 
tomograplQr scattning to the detectfoa a? mkro- 
metastass of maUgiiaiit nw iliiM^o ^ ffl y* 

MBrta.,Sfmtigtftfrm (D. Jahne Esplnos (1), Jose Bstebas Salgado (1), 
Maria Jose OardarVedloso (3), Jose Angel Riditer (2), Pedro Redondo 
(3), Salvador Martin-Algana (1) 

(1) dinica Univerdtaria de Navarra, Oneologla. Pamplona, Spabt 

(2) CUnica Uruvcrestnria de Navanjo, Medtc&u Nudear, Pompbixa, 
Spam 

(3) dmica Universitaria de Navarro, Dermatblo^ Pamplona, Spahi - 

Purpose: The patholo^ status of the sentinel lymph node (SN) is a 
powtrftil bdieator of prognosis in patients widi mdano ma. lS-fluoro-2* 
deoxy-D-^ucose poritron emission tomography (18FDG-PET) scanning 
is a non invasive imaging techAique that can detect dimo^dly silent 
metastases. The ailn of this study b to compare the use of 18FDO-PET 
and sentind lymph node biopsy (SNB) ta dettoetins mstastatiD disease in 
the regional drahving'fu»iea of cutaneous malignant mdanoma. Patients 
and methods: Twenty two consecutive patients (14 women and, 8 men; 
mean age 48 years) with primary cutaneous melanoma s Iqun or <linm 
and dark level IV-V, ulceration or tymphovascular invarion were 
recruited between March 1998 and January 2002. Mean Breslow 
thjcknem was 1.9 mm (range 0.7^ 7. nun). The sites of primary 
melanoma were U on the extremities, 6 on the trunk and S on head and 
neck. Ulceration, was present in 2 lesions Distant motastatcs were 
exduded by clinical ei^oration, biochemical profile and chest x^Tay. 
PET scaxmUig wait followed by a preoperative bmphoedntigiapby with 
99mTc sulphur coDoid to identify SNa. AD patients ^th iraaitive SNB • 
underwent therapeutic lymph node dissection (LND). Restdts: Hie SNs 
were irimtiffed in 100% of the patients. A total of 32 SNs were detected ' 
and removed. In four patientB (18^), histopathdogy revealed lymph 
node metastases (4 lyrnph nodes), Reglotud tND demonstrated one 
more lymph node metaskris in one paltent In none of these 4 patients 
PET scans identified metastatic disease in the SN or drahiing barin* Two 
patients had positive PET Kans suspicious of metastatic disease; both of 
them with a negatiVB SNB. No patient haa developed r e c oncnt disease 
(mean foIlowMip, 7 mounths). Condualons: This study demonstrates the 
limitaticms of 18FDG-PBT m detecting lymph ru)de mlcrometastases in 
patients with primary malignant melanoma compared with 5(4B. 
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Background: Malignant melanoma (MM) is drought to arise by 
secpiential accumulation of genetic alterations In normal melanocytes. 
To dearty assess tixe role of genetic instability in MM« we have 
compared allelic alterations (detected as microsatellite hutabHity; MSQ 
between primary tumors and synchronoua or asynchronous metastases 
obtained from the same MM patients. Methwls: Paraf&Kmbedded 
tissue microdissections from 56 MM patients were screened for MSI by 
PCR-based microsatellite analysis. MSI was studied at five loci 
containing sin^e- or dinudeotide repeat sequeaoes end mapping to 
different chromosomal locations. Tumors were dassifled as MSI-** when 
at least two markeis displayed mutant alleles fa& tumor DNA compared 
to correspondhig normal tissue DNA. Results: Pnssoee of MSI, which 
may reflect a defect in genes involved in DNA replication fidelity, was 
otecrved In S (9%) out of 56 primary MM tumors. When the same series 
of patients has been an^yxed for the presenoe of MSI b the 
conespooding metastases, we found a higher inridenog (7/42, 17%) of 
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Induction of Systemic ThI -Like Innate Immunity in 
Normal Volunteers Following Subcutaneous but Not 
Intravenous Administration of CPG 7909, a Synthetic 

B-Class CpG Oligodeoxynucleotide TLR9 Agonist 

Arthur M. Krieg, * Susan M Efler, f Michael Wittpoth,} 
Mohammed J. Al Adhami,'* and Heather L Davisf 



Abstract: Subcutaneous injection of nonnal human volunteers with 
a B-class CpG oligodeoxymicieotide (ODN) TLR9 agonist, CPG 
7909, induced a ThI -like pattern of systemic innate immune activa- 
tion manifested by expression of IL-6, H..-i2p40, 1FN-cy, and IFN- 
induciblc cbiemokines. Serum IP- 10 was found to iie the most sen- 
sitive assay for subcutaneous C'PG 7909 stimulation; its level was 
significantly increased in all stihjccts at all dose levels, including the 
lowest tested dose of just 0.0025 mg/kg. This pattern of chemokinc 
and cytokine induction was iniirkcdiy different from that previously 
reported to be induced by TLR9 stimulation in rodents, most likely 
reflecting spcclcs-specific differences in the cell types expressing 
TLR9. Subcutaneous CPG 7909 injection induced transient shifts in 
blood neutrophils, lymphocytes, and monocytes, consistent with the 
increased chemokine expression. Levels of acute phase reactants such 
as C-ieactive protein were also increased. A second subcutaneous 
CPG 7909 injection administered 2 weeks after the first elicited 
similar immune responses, showing little or no tolerance to the effects 
of repeated in vivo TLR9 stimulation. Subjects developed dose- 
dcpcndcnt tiansient injection site reactions and flu-iike symptoms but 
otheavise tolerated injection well, with no evidence of organ toxicity 
or systemic autoimmunity. The activation of innate immunity was 
dependent on the route of ODN administration, since intravenous 
injection caused no such effects. These smdies indicate that in vivo 
activation of TLK9 by subcutaneous admin isirjiiion of CPG 7909 
could be a well-tolerated {[nmunoiherapeulic approach for induction 
of ThI innate immune activation. 

Key Words: CpG, IP- 10. immune activation, dendritic cell, lympho- 
cyte activation, B cell, Toll- like receptor 

U Imnnwother 2004;27:460-47 1 ) 

Several generations of immunologists liavc recognized the 
potent adjuvant aetivity of bacterial extracts, such as corn- 
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plete Freund's adjuvant (CFA). Certain conserved inicrobe- 
specific molecules within bacterial extracts arc detected by the 
innate immune system through receptors such as the Toll-like 
receptors (TLRs), of which 10 members have been identified 
in humans.' TLRs are expressed on selected innate immune 
cells such as dendritic cell (DC) subsets, macrophages, mono- 
cytes, and neutropliils and trigger cell activation in response to 
their ligands, such as peptidoglycans, zymosan, lipopolysac- 
charides, and bacterial DNA.''' The immune stimulatory 
effects of bacterial DMA arc a consequence of the presence of 
unmethylatcd CpG dinucleotides in particular base contexts, 
tenncd "CpG motifs. CpG motifs are common in bacterial 
DNA but are underrepresented and methylated in vertebrate 
DNA,'- 

The receptor used by the innate immune sy.stem for 
detecting CpG motifs is TLR9,^ which in humans is expressed 
in B cells and plasmacytoid dendritic cells (pDCs)/ and 
in mice additionally in myeloid DC, and monocyte/macro- 
phages.''''"'" TLR9 can be activated by synthetic oligodeoxy- 
nucleotides (ODNs) of about 8 to 30 bases in length that 
contain a nuclease-resistant phosphorothloate backbone and 
one or more CpG motifs. While most CpG motifs are effective 
in a wide range of species, there are species-specific differ- 
ences in the optimal CpG motif, with GACGTT being optimal 
for mice^'*'-'^ and GTCGTT for humans."* '^ 

Studies in mice indicate that the immune effects of 
activating TLR9-expressing cells with CpG ODNs are ThI- 
iike and may be considered in two stages: an early innate im- 
mune activation and a later enhancement of adaptive inunune 
responses. Within minutes of exposure to CpG, the ODNs 
appear to enter an endosomal compartment where they interact 
with TLR9, leading to the activation of cell signaling pathways 
that culminate in the expression of costimulatory molecules, 
resistance to apoptosis, and secretion of proinflairunatoiy 
cytokines and chemokines such as TNF-a, TL,-6, IL-12, IFN-7, 
and IFN-7-inducible protein 10 (lP-10) or CXCL-10. In 
vivo after either subcutaneous (SC) or intravenous (IV) 
administration of CpG ODNs to mice, peak serum levels of 
cytokines are typically observed at approximately 1 hour for 
TNF-o( arid 2 to 4 hours after injection for the others. '■'•^'^ 
These cytokines and chemokines trigger within hours a wide 
range of secondary effects, such as NK cell activation.*^ ^ This 
innate immune activation and DC maturation is followed by 
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the generation of adaptive imnuuie responses. B cells are 
strongly co-stimulated if they bind specific antigen at the same 
time as TLR9 stimulation.^ This selectively enhances the 
development of antigen-specific antibodies, especially of the 
IgG2a isotype associated with Tul-like immune responses in 
mice. In mouse disease models, the activation of innate and/or 
adaptive immune responses with CpG ODNs has proven to 
have great promise for the prevention and therapy for cancer, 
allergy, and infectious diseases.'^*'' 

These results suggest therapeutic potential for CpG 
ODNs in treating various human diseases, although one must 
be mindful of the interspecies differences in TLR9 cellular 
distribution and optimal CpG sequences. A logical first step in 
this process is to evaluate biomarkers of innate unmune 
activation after administration of CpG ODNs to human 
volunteers with intact immune systems. In this report we 
present the safety and immunophamiacology of CPG 7909, 
a B-class (also called K-type) CpG ODN, administered 
through cither the IV or SC route to healthy human volunteers 
in two separate phase 1 randomized, placebo-controlled, 
double-blind trials. These studies show that systemic ac- 
tivation of TLR9 in humnns with SC injection of a B-class 
CpG ODN appears to be safe and induces a Tnl-like cytokine 
and chemokine profile thai is distinct from that induced in 
mice and is consistent with the known cellular pattern of TLR9 
expression. 

MATERIALS AND METHODS 

CPG 7909 

CPG 7909, a B-class CpG ODN of sequence 5'-TCG- 
TCGTTTTGTCGTTTTGTCGTT-3\ which is optimized tor 
stimulation of human TLR9, was synthesized by GMP with 
a wholly phosphorothioate backbone (Coley Pharmaceutical 
Group, Wellesley MA) and had undetectable levels of endo- 
toxin. The drug was dissolved in phosphate-buffered saline at 
a final concentration of 20 mg/mL per vial. 

Study Designs and Procedures 

Two separate clinical trials were conducted to investigate 
the safety and immune effects of CPG 7909, one testing the SC 
route and the other the IV route of administration to healthy 
men aged 1 8 to 45 years. Both trials were phase 1 randomized, 
double-blind, placebo-controlled, dose-escalation single- 
center studies, carried out at the FOCUS Clinical Drug De- 
velopment GmbH, Germany. The studies were reviewed and 
approved by the Independent Ethics Committee of the 
Arztekammer Nordrliein. 

The SC study enj'olled six consecutive overlapping 
cohorts of subjects with rising doses of CPG 7909 (0.0025, 
0.005, 0.01, 0.02, 0.04, and 0.08 mg/kg). Each cohort of eight 
subjects comprised six randomized to receive CPG 7909 and 
two receiving the physiologic saline placebo. Each subject was 
to receive two injections of the same dose level, separated by 
an inter\^al of 14 days, with follow-up to 58 days after the first 
injection. Safety and tolerahility endpoints included adverse 
events (AEs), clinical laboratory evaluations (hematology, 
clinical chemistry, urinalysis, and coagulation), assessment for 
swelling of spleen or lymph nodes, vital signs measurement, 



a 12-lead ECG, and a 24-hour Holier ECG. In addition, 
immune status parameters including ANA, anti-dsDNA, RF, 
C3, C4, and CH-100 were assessed. Serum samples were 
collected for immune pharmacodynamic assays as indicated 
in Tables I and 2. 

Toxicity was assessed by the National Cancer Institute 
(NCI) c:ommon Toxicity Criteria (CTC), version 2.0. The 
relationship to treatment was recorded by the investigator 
based on the NCI 5-point scale (unrelated, unlikely, possible, 
probably, or definitely). Toxicities of grade 3 or higher that 
could not be immediately assessed as unrelated to saidy drug 
were generally a reason for concern and automatically required 
postponement of the next higher dosing group. 

The IV safety study was performed separately but was 
designed similady to the SC study, with the exceptions that the 
dose levels were different and went higher (0.00 1 , 0.005, 0.0 1 , 
0.04, 0.16, and 0.32 mg/kg) and that the second dose was 
given 7 rather than 14 days after the first. The doses were given 
as an IV infijsion over 2 hours. Monitoring for AEs and 
immune reactions was perfonned as in the SC trial. 

Pharmacodynamic Assays 

Frozen semm samples were shipped on dry ice to Colcy 
Pharmaceutical Canada. Upon receipt, sample identity was 
verified and the integrity of the samples assessed; samples 
were then stored at -70'' lo -85°C until analysis. To maintain 
blinding, samples were identified by subject numbers and 
initials only. Before analysis, serum samples were aliquoted 
such that each aliquot would be thawed a maximum of two 
times before being analyzed. Due to the large mnnber of 
cytokine and chemokine assays being performed and the 
limited amount of serum available, samples were serially 
diluted two-fold before analysis, resuhing in the following 
sample dilutions 1:2 and 1:4 for the following analyses: IL- 1 p, 
lL-2, IL-4, fL-6, lL-8, lL-10, IL-12p70, 1L-I2p40, IL-18, 
lFN-7, IFN-a, TNF-a, lP-10, MCP-1, MlP-Ia, and MIP-ip. 
When available, commercial kits were used and tests were 
perfonned according to the manufacturer's instructions. The 
following commercial ELISA kits for quantification of chemo- 
kines or cytokines in human seriun were purchased from 
R&D Systems, Inc. (Minneapolis, MN): IL-lp, IL-2, lL-4, !L- 
6, lL-8, lL-10, IL-12p70, IL-12p40, lL-18, TNF-a, IFN.7. 
MCP-1, MlP-la, and MIP-ip. The IFN-a ELISA kit was 
purchased fi'om PBL-Biomedical Laboratories (New Bruns- 
wick, NJ), the -CRP ELISA kit from Alpco Diagnostics 
(Windham, NH), and the RF ELISA Kit from Zeus Scientific 
Inc (Raritan, NJ). 

ELISA assays were developed and optimized for tlie 
detection of MIG in human serum using development re- 
agents from BD Biosciences Pharmingen (San Diego, CA) and 
M1P-3P and IGFBP-4 using development reagents fi-om 
R&D Systems, Inc. The assays were performed according to 
the manufacturer's directions. 2'5a synthetase activity was de- 
termined using a commercially available radioimmunoassay 
from Eiken Chemical Company, Ltd (Tokyo, Japan), accord- 
ing to the manufacturer's instructions. 

Coley Pharmaceutical Group's Clinical Immune Assay 
Laboratory developed the lP-10, I-TAC, total IgG, IgGl, 
lgG2. IgG3, lgG4, IgA, IgM, and IgE ELISA assays. The 
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assays were perfonned according to the standard method 
outlined below, with the specific details such as primaiy and 
secondary antibodies used as outlined in Table 1. Briefly, 
96-well plates (Coming Costar, Acton, MA) were coated 
overnight at 4''C with the appropriate primaiy antibody. 
Following the ovemiglit incubation, plates were washed such 
that each well was washed five times with at least 200 |xL of 



wash biitfer (PBS + 0.05% Tween20 [Sigma-Aldrich, Inc]). 
The plates were subsequently blocked for I to 2 iiours with at 
least 200 blocking bulTer (PBS + 0.05% Tween20 + 10% 
FBS [Gibco Invitrogen Corp, Burlmgton, ON]) per well. 
Following the 1-hour incubation, the plates were washed and 
the appropriate standards were added to each plate in 
duplicate. Human serum samples serially diluted in dilution 
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TABLE 2. Summary of Immune Assay Results 


Assay 


Doses Tested* 


ThiJe Points Testcdt 


Resultt- 


Cytokines 






<0.25 pg/mL 


IL-lbeta 


0.0 (n = 1): 0,04 (n - \) and 0.08 mg/kg (n = 6) 


All 


lL-2 


All 


All 


<62.5 pg/mL 


IL-4 


Ail except 0.0 (n = 2) and 0.04 mg/kg (n =- 6) 


All 


<0,5 pg/mL 


1L.6 


All 


AU 




n -ft 


0 0 fn = n and 0.04 mu/ka (n - 1) 


All 




IL-K) 


All 


Ait 


<15.6pg/mL 


IT Mr\H\ 


All 


All 


< 1.562 pg/mL 


rL-i2p40 


All 


All 




IL-18 


All 


All . 


- 


IFN-alpha 


Ail 


All 


+ 




All except 0.0 (11 - 2) and 0.04 mg/kg (n =^ 6) 


All 


< 3 1.25 pg/mL 


TNF-alplia 


All 


All 




Chemokinest 










All 


All 


+ 


I-TAC 


0.0 (n ^ 4), 0.0025 (n = 3), 
0.02 (n - 2), 0.08 iiig/kg (n = 5) 


All 


+ 


Mc;p-i 


All 


Pre-dose, 12. 18 and 24 hours po.st-dose 


+ 


MIU 


0.0 in = 1) and 0.08 mg/kg (n = 5) 


All 




Mir-lalplia 


0.08 mg/kg (n =^ 4) 




<93.8 pg/mL 


MlP-lbeta. 


All 


All 




M!P-3heta 


0-0 (n - 1) aiid 0.08 mg/kg (n = 5) 


All 


+ 


Inuiiunoglnhulin ) so types 








IgG, 1.2, 3,4 


All 


All 




TgA. fgM. IgE" 


All 


All 




Orlier 








Oreactivc protein 


All 


All 


+ 


Rlieumaroid factor 


Ail 


Prc-dose and lust visit (day 58) 




IGFBP-4 


0.0 (n = 1) and O.OS mg/kg (n - 3) 


All 




2*5a synthetase 


0.0 (n = 5), 0.0025 (n = 2), 0.005 (n - 2), 0.0 1 


Pre-doiie, 12 or 18, 24, 48 hours 




(n = 2), 0.02 (n = 2) and 0.04 mg/kg (n - 2) 


post-dose and last visit (day 58) 





ir indicutes ihat tliesc parameteri; were le.sted in senun samples collecied (rum each dose group (0.0^>.0f; ing/kg), 
ir indicates lhal .samples were assessed at (L 1.5,3. 1 2, 24 (day 2 or 1 6), 48 (tiny 3 or 17) and 144 (day 7 or 21) hours af 



flcr the first and second ochniiiisiraHon and end oftreiitmenl 



*"Air 

t "All" indicates thai. saiiiplci. .. . . 

t-dav 58) for :ill dnsc groups, and additionally ul 2 and IS hours post-dose for the highest dose group (0.08 mg/kg). a. .i, .i^, r,f 

iltidicates wheihcr there was a CpG-induced ch^inge from baseline 0>r^-dose) in this p:irameicr to ai least twice the nomtal level for thftt assay, --.vafue mdieatcs that th. majority of 
results were less than the lower lituit of quantification shown. r • 

§SciTim TNF-« levels sh.mcd a slight trend to dose-itepende.u increase at the two highcsl dose levels, but the peak senim v.Uties ut 24-48 hours aventeed less than a iwo-fold mcrcase 
above the normal mnyc for this jissay and therefore did nnS meet uiir criteria for positive. 



buffer were also added to each plate, along with duplicate 
blank wells containing dilution butTcr alone and appropriate 
controls. The plates were incubated at room temperature for 
2 houT^i followed by washing. Diluted biotin-labeled or HRP- 
labeled secondary antibody was added to each well and the 
plate was left to incubate for 1 hour at room temperature. For 
assays using biotin-labeled antibody, the plates were washed 
and avidin-peroxidase (Sigma-Aldrich, Fnc) diluted 1:1,000 
was added to each well and the plates w^ere incubated for 30 
minutes. Subsequently for all ELISA assays, the plates were 
washed and then 'fMB Liquid Substrate (Sigma-Aldrich, Inc) 
was added to each well The plates were placed in the dark at 
room temperature for 30 minutes; following the incubation, 
50 fjLL of 2N sulfuric acid was added to each well. Absorbance 
readings for each well were detemiined using a micmplate 
reader. Duplicate readings for each sample and standard were 
averaged and the average blank reading subtracted. Concen- 
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trations of each analyte were interpolated from the standard 
curve and multiplied by the appropriate dilution factor. 
Samples below the lowest standard were considered out of 
range and recorded as less than the lowest standard times the 
diltition factor. Samples that had absorbance readings higher 
than tliat of the highest standard were fuither diluted as 
required and reassessed as outlined above. 

Data Analysis and Statistical Evaluations 

The analyses for safety and tolcrability parameters were 
performed using the safety population, which was defined as 
all randomized subjects who received at least one dose of 
study medication and had post-dose safety information. Phar- 
macodynamic parameters were analyzed using the intent- 
tO'treat population. For categorical variables, the number and 
percentage of subjects in each categoiy were summarized. 
Continuous variables were summarized by the number of 
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observations, mean, standard deviation, median, minimum, 
and maximum. Missing data were reflected by varying sample 
sizes across visits and was not imputed. All statistical analyses 
were perfomied using SAS version 8.2. Graphs were generated 
that show the mean changes from baseline for pharmacody- 
namic parameters over time by dose levels. Linear correlations 
between parameters of interest were generated usiiig linear 
regression analyses. 



RESULTS 

Safety and Tolerability of SC and IV CPC 7909 

SC Study 

For the SC study, 56 subjects were planned and 57 were 
randomized; 56 subjects were analyzed for safety and 
phannacodynamics. Thirteen subjects were assigned to the 
placebo group and 43 received at least one dose of CPG 7909; 
six were assigned to each of the 0.0025-, 0.005-, 0.0 1-, single- 
dose 0.0 0.02-, and 0.08-mg/kg groups and seven were 
assigned to the 0.04-mg/kg group. The study was initiated 
with a 0.01-mg/kg cohort, which was planned as a no-effect 
level. After the first injection, six of the eight subjects in that 
cohort reported AEs. These subjects did not receive the second 
injection of CPG 7909 (single-dose 0.01-mg/kg) and were 
classified as prematurely tenninated from the study. To 
identify a no-effect level, or at least close to no effect, the 
protocol was amended to restart the study using lower doses of 
CPG 7909. 

Almost all (91%) of subjects in the SC study reported 
AEs. While the incidence of AEs was similar among most 
dose groups, the actual number of events reported was higher 
in the higher active dose groups (0.02, 0.04, and 0.08 mg/kg). 
Eighty-thi-ee events were reported in the 0.08-mg/kg group 
compared with 18 in the placebo group. The 0.02- and 
0.04-mg/kg groups experienced 56 events each. Most of the 
ABs were mild in severity; only a few were classified as 
moderate. To better characterize the tolerability profile of CPG 
7909, composite scores for local injection site reactions and 
flu-like symptoms were developed (Fig. I). Overall, there 
appeared to be a possible trend for AEs to be reported more 
commonly after the first injection tlian the second, especially 
at the lower dose levels. The two lowest-dose groups of SC 
CPG 7909 showed no apparent increase in systemic symptoms 
compared with the subjects receiving placebo, despite showing 
some injection site reactions, which were not reported by any 
of the placebo subjects. 

The most commonly reported injection site AEs were 
injection site eiythema, occurring in 29 of the 56 (52%) 
subjects overall, and injection site pain, occurring in 24 of the 
56 (43%) subjects. Other injection site AEs included indura- 
tion (30%), edema (18%), pruritus (13%), and inflammation 
(7%). Flu-Iikc symptoms were less commonly reported and 
were generally described as mild. The mnximum febrile 
responses were dose-related, with increases up to 39.2°C. 

Tn summary, SC injection of CPG 7909 induced dose- 
dependent clinical signs of immune stimulation (local reac- 
tions, flu-like symptoms), but no cluiically significant toxici- 
ties occurred with doses up to 0.08 mg/kg. 




B 



Dose Group (mg/kg) 

> PM triMtkn - " * OMsnd kiftcttv) 



FIGURE 1. AEs reported after SC injection of CPG 7909. A, 
Local tolerability composite index. Each local symptonn (pain, 
erythema, warmth, edema, and inflammation) was graded 0, 
1, 2, 3, or 4, for absent, mild, moderate, severe, or life- 
threatening and then summed and divided by 5 for each 
subject after the first injection (open circles) or second injection 
(stars). Subjects who reported no AEs are not shown. The 
results of this composite index are presented by dose level 
(dose group 0 are placebo subjects). B, Systemic tolerability 
composite index. Reports of fever, chill, myalgias, arthralgias, 
fatigue, headache, and musculoskeletal pain were assigned 
a numeric grade (see above) and were then summed and 
divided by 7. 

IV Study 

For the FV study, 50 subjects were randomized in six 
consecutive cohorts with rising doses of CPG 7909 (0.001, 
0.005, 0.01, 0.04, 0.16, and 0.32 mg/kg). Each cohort 
comprised eight subjects (six receiving CPG 7909 and two 
receiving placebo). Overall, 83 AEs were experienced by 30 
(60%) subjects during the study. The incidence of AEs ranged 
from 33% (0.01 mg/kg) to 83% (placebo). There was no dose- 
dependent frequency of AEs, and the types of AEs were not 
different in the sequential dose groups. Tlie most commonly 
reported AEs included lymphadenopathy, headache, and 
nasopharyngitis, most evident in subjects receiving placebo, 
but with an increasing frequency of lymphadenopathy with 
higher doses of CPG 7909. However, the number of sub- 
jects experiencing lymphadenopathy in the 0.04-mg/kg to the 
0.32-mg/kg groups was similar to that observed in subjects in 
the placebo group. Reactions at the IV infrision sites were rare 
and of minimal intensity. Local injection site reactions were 
exuremely rare and appeared to be associated in one incidence 
with local extravasation of the IV infrision. There were no 
reports of thrombophlebitis or vascular sclerosis in association 
with IV infusion. Systemic, iiu-like symptoms were slightly 
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more frequent in the CPG 7909 groups than the placebo group 
and were mild. 

Overall, CPG 7909 by the IV route was associated with 
very low local and systemic reaction scores, similar to placebo. 

Induction of Serum Cytokines and Chemolcines 
After SC CPG 7909 

Serum samples were collected from the normal volun- 
teers receiving SC injections with either saline or CPG 7909 at 
the time points as indicated on Table 2 and were analyzed in 
a blinded fashion. To determine whether there was any sensi- 
tization or tolerance to repeat injection with the CPG 7909, 
a second injection was given 2 weeks after the tirst and sera 
were collected from the subjects at the same times as after the 
first injection. To assess fully the phannacodynamic effects of 
SC CPG 7909, a wide range of immune assays were performed 
on these sera. In total, more than 30 different immune assays 
were performed on approximately 1,300 serum samples col- 
lected in this and the companion IV study (see below). 

The results of all of the immune assays lor the SC 
clinical trial are sununarized in Table 2. For most of the 
cytokines tested, there was no statistically significant change at 
any dose level of CPG 7909. Likewise, there was no change in 
serum Ig levels or isotypcs at any dose or time point. However, 



at one or more dose levels there was an increase in the serum 
level of all of the tested chemokines except for MlP-la, which 
was uniformly below the level of detection of the assay. The 
most sensitive of all of the assays used in tlie trial was the IP- 
.10, which showed statistically significant increases at evei^ 
dose level of SC CPG 7909, even the lowest dose of just 
0.0025 mg/kg. The mean serum IP-10 levels showed a dose- 
dependent increase in response to SC CPG 7909, with kinetic 
analyses demonstraling a detectable increase as early as 
12 hours after injection and a peak level at approximately 
24 hours, with a gradual decrease back toward baseline (Fig. 
2A). At the high dose levels, serum IP-IO levels were still 
signiiicantly elevated above baseline 7 days after the dose. 

Serum lL-6 and MCP-1 levels showed dose-depeudeiat 
increases with similar kinetics to IP- 10 but with less sensi- 
tivity, as the increases were not statistically significant at the 
lowest dose levels (see Figs. 2B,C). Serum CRP levels also 
increased in a do.se-depcndent fashion but with slower ki- 
netics, the peak occurring approximately 48 hours after CpG 
injection and remaining elevated at 7 days post-dosing (sec 
Fig. 2D). 

IP- 10 is an IFN-inducible chemokine. Surprisingly, 
no increase above the sensitivity of the kit in serum IFN-'y or 
IFN-a could be detected after SC CPG 7909 at doses as high 
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FIGURE 2. Kinetics of serum markers for innate immune activation and acute phase response by SC CPC 7909. Sera from all 
subjects in the SC trial were collected at the time points shown in Table 2 and assayed by EUSA for IP-10 (A), IL-6 (B), MCP-1 (C), 
and CRP (D). The data points indicate the mean values for the six subjects at each dose level of CPG 7909. The values for the 
subjects who received placebo were combined from each cohort and plotted together as one group. 
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as 0.04 mg/kg, despite the large and sustained increases in 
seium IP-10. A small increase in senim IFN-a was detected nt 
the highest dose level of 0.08 ing/kg (Fig. 3A). The kinetics 
of this IFN-a raponse were slightly faster than the IP-10, with 
a peak at 12 hours and return to baseline by 24 hours, con- 
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.FIGURE 3. Kinetics of serum responses to SC CPG 7909 at 0.08 
mg/kg. Significant increases in serum IFN-a, MlP-lb, and IL- 
12p40 were seen only at the highest SC dose level, so the 
results with the lower doses are not shown. To. show the 
subject- to-subject variability in responses, each line represents 
the values for an individual subject after the first dose. 
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sistent with previous in viti*o reports that IFN-a induces IP-10 
secretion. There was a noticeable tendency toward a biphasic 
pattern to the semm IFN-a levels, with a second lower peak in 
several subjects at day 3. 

Despite the failure to detect scrum IFN-a at any but the 
highest dose of CPG 7909, in vitro studies have documented 
clearly the ability of CPG 7909 to induce human pDCs to sec- 
rete IFN-u.^^ Therefore, we considered it possible that iFN-a 
was being produced and was locally consumed in the SC 
tissues or draining lymph nodes. To detemiine whether other 
IFN-inducible factors were also present in the CpG-treated 
subjects, we tested selected sera for MlP-la, MIP-Ip, MIP- 
3p, 2'5 ' OAS, l-TAC, and MIG. For several of these factors we 
found increases after CpG injection, confimiing the induction 
of an IFN immune profile (see Fig. 3B for MIP-ip, and Table 
2). n^-iO binds to the receptor CXCR3, which is also bound by 
the IFN-inducible genes I-TAC and MIG. We found increases 
in the serum levels of l-TAC and MIG at the same time 
points as IP-10, but the fold increases were substantially less, 
indicating that IP-10 may be the most sensitive marker for 
the ]FN effect induced tiurough in vivo TLR9 stimulation by 
CPG 7909. 

The only other factor to show significiint increases in 
most subjects was IL- 1 2p40, which increased in all subjects 12 
to 24 hours after SC CPG 7909 (see Fig. 3C). 

Interindividual Variability in Responses 
to SC CPG 7909 

Every subject showed an increase in scrum IP-10 levels 
after SC CPG 7909, regardless of the dose level (Fig. 4), There 
was a tendency to higher mean peak levels with higher CPG 
7909 doses, although there was much overlap between indi- 
viduals in the dose groups. Within individual mg/kg dose 
gmups, the peak serum IP-10 level did not appear to correlate 
with absolute dose, suggesting that it is appropriate in clinical 
trials to dose CPG 7909 based on body weight. At CPG 7909 
doses up to 0.02 mg/kg, the serum IP-10 response appeared 
siinilar atkr both the first and second doses. FTowever, at the 
two highest CPG 7909 dose levels, there was a tendency for 
those subjects with the highest IP-10 levels after the first dose 
to have a slightly lower serum IP-10 after the second dose. 
These data suggest the possibility that repeat SC administra- 
tion of CPG 7909 at htgli doses may result in a slight decrease 
in the level of innate immune activation, particularly if the 
initial response was very strong. There was no significant 
difference in the kinetics of the immune responses between the 
first and second doses. 

Correlation Between Serum IL-6 and IP-10 
Responses to SC CPG 7909 

Since the only cells in humans that are known to express 
TLR9 are B cells and pDCs, the immune etfects of CPG 7909 
must result directly or indirectly from these cell types. IP-10 
production is thought to result from pDC activation, while 
B-cell stimulation has been reported to lead to lL-6 expres- 
sion/ IP-10 is known to be regulated in an IFN-dependent 
manner, whereas IL-6 is not. Thus, it was unclear whether in 
individual patients the levels of these markers would corre- 
late. When the peak serum levels for both markere in individual 
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FIGURE 4. Inter- and intra-individual variability in IP-10 
response to SC CPC 7909. A, Peak serunn IP-10 after the first 
injection of 5C CPC 7909 is plotted compared with the 
absolute dose that the patient was actually given on the x-axis. 
B, To show possible dose-to-dose differences in the level of IP- 
1 0 response, the peak senjm IP-1 0 at any time point after both 
doses is plotted, with a line connecting the results for each 
individual subject (open circle, first dose; closed circle, second 
dose). Because there was much less variability at the lower dose 
levels, only the placebo and three highest CPC 7909 groups 
are shown. 



patients were plotted together, there was a significant 
correlation (R == 0.55), showing that subjects who had 
a high (or low) IL-6 response to CPG 7909 also tended to 
have a relatively high (or low) response in IP-10 secretion 
(Fig. 5). 

Failure of IV CPG 7909 to Increase Serum 
Cytokines or Chemokines 

Even though the clinical trial administering CPG 7909 
through tlie IV route went up to doses four times higher than 
the highest dose given in the SC trial, surprisingly there was no 
significant change in any of the immune assays at any of the 
tested time points (not shown). 
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FIGURE 5. Correlation between serum IL-6 and IP-1 0 responses 
to SC CPC 7909 injection. Even within a single dose cohort, 
there was substantia! variability between subjects in the mag- 
nitude of the serum cytokine and chemokine responses. How- 
ever, a significant association was noted between peak serum 
IP-10 and IL-6 levels in subjects after receiving SC CPG 7909. 

Redistribution of Leukocytes in Response to 
SC CPG 7909 

IP-10 and other chemokines whose expression is 
induced by SC CPG 7909 are known to alter the inunune 
cell trafficking. For example, CXCR3, the receptor for IP-10, 
is expressed on activated T cells, B cells, and NK cells. Human 
neutrophils may express several chemokine receptors, includ- 
ing CCRl, CCR4, CXCRI, CXCR2, and These 
data suggested the possibility that CpG-iaduced chemokines 
could cause a transient redistribution of some cell types into 
or out of the blood. Indeed, as shown in Figure 6, blood 
neutrophil levels showed a biphasic response to CPG 7909 
injection, with an early increase at 12 houi-s. followed by 
decreased levels for at least 72 hours, followed by a return to 
baseline before the second injection was given. The lowest 
absolute neutrophil count observed was 800 celis/^-L, which 
rebounded above 1,000 cells/^L svithin 48 hours. No infec- 
tions or other clinical evidence tor immune suppression oc- 
curred in conjunction with these transient episodes of neu- 
tropenia. The absolute lymphocyte count showed a sharp drop 
at 12 hours after CPG 7909 injection but returned to baseline 
by 48 hours. In contrast, the absolute blood monocyte count 
was increased at 24 hours after injection, with a gradual return 
toward baseline over the following 48 hours. 

IV administration of CPG 7909 caused no redisUibution 
of immune cells at the dose levels tested, consistent with tlie 
lack of induction of chemokine expression (not shown). 

Lack of Evidence for Induction of Autoimmunity 

The immune status of study subjects was monitored at 
the start and end of the study with assays for antinuclear 
antibody, anti-dsDNA, rheumatoid factor, C3, C4, and CH- 
100. Although values from some subjects were outside the 
normal range both at baseline and at subsequent time points, 
there was no study-related change in these parameters. 
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FIGURE 6. Kinetics of CPG 7909-induced leukocyte redistrib- 
utions. A, Dose-dependent CPG 7909-induced neutrophil 
redistribution. The group mean absolute neutrophil counts 
are plotted for each of the CPG 7909 dose groups and the 
controls at each of the tested time points after the first and 
second injection. B, Kinetics of neutrophil, lymphocyte, and 
monocyte redistributions after SC CPG 7909. The mean 
absolute neutrophil, lymphocyte, and monocyte counts are 
plotted for the high-dose CPG 7909 group at each of the tested 
time points after the first and second injection. 



DISCUSSION 

Our resuits show that SC injection of CPG 7909 in 
nomial human volunteers induces a rapid systemic Tnl-iike 
chemokine and cytokine response that is dose-dependent and 
remarkably sensitive. Indeed, we did not identify a no- 
response dose for CPG 7909 in humans: even the lowest tested 
dose of 0.0025 mg/lcg (approximately 175 p.g), which is close 
in absolute temis to tlierapeutic CpG ODN doses used in 
mouse ininiunotlierapy models, induced an average ihree-fold 
increase from the baseline serum fP-lO levels. The systemic 
type I If N response is characterized by increased scrum levels 
of multiple IFN-inducible genes» including IP- 10, T-TAC, 
MIG, MIP-lp, and MIP-3p. Serum IFN-a levels were 
increased at the highest dose levels. This finding is consistent 
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with the in vivo stimulation of pDCs, which express the TLR9 
receptor for CPG 7909. pDCs secrete type 1 fFN in response to 
in vitro stimulation with CpG ODNs/'^ resulting in the 
secretion of lP-10 from both pDCs and from bystander IFN- 
responsivc cells such as monocytes. Our results show that 
this same pattern of THl-like innate immune activation 
response can be detected in vivo, and that it includes multiple 
IFN-inducible genes. 

The innate immune effects of CPG 7909 injection in 
humans are markedly different Irom those reported previously 
in mice. Mice injected with CpG ODNs show strong induction 
of serum TNF-a, lL-6, TL-12, and IFN-^.'''''-"-^^ In contrast, 
only scrum lL-6 and IL-12p40 showed significant increases in 
our human trial, and these increases were relatively lower in 
magnitude compared with those previously reported in mice. 
We propose that the different senim cytokine profiles resulting 
from CPG 7909 administration to humans and mice can be 
explained by the much more restiicted expression of TLR9 in 
human as compared with mouse immune cells7^'^^ In normal 
primary human cells, flinctional TLR9 expression is only 
confirrned in pDCs and B cells, but mice also express TLR9 in 
their monocytes, macrophages, and myeloid DCs.'°''' Tlie 
kinetics of these responses also differ: in mice the peak serum 
chemokine and cytokine responses are at 3 to 4 hours, while in 
humans the response is undetectable until 12 hours and peaks 
at approximately 24 hours. 

High systemic levels of the proinflammatory cytokines 
expressed in CpG ODN-injected rodents have been associated 
with a broad range of adverse effects. Indeed, very high CpG 
doses given by intraperitoneal injection daily for 20 days re- 
cently were reported to lead to severe toxicity, including mul- 
dfocai hepatic necrosis and destruction of lymphoid follicles 
in mice."^^ Previous studies showed that high-dose CpG ODN 
treatment in rodents can cause extramedullai^ hematopoie- 
sis and an IFN-7 and TNF-associaled lethal systemic in- 
flammatory response syndrome (SIRS).'^*''^? ExtmmeduUary 
hematopoiesis and fatal SIRS can be induced in rodents 
injected with high-dose CPG 7909 but have not been observed 
in primates, even after twice-weekly administration at 5 mg/kg 
for 6 months (Coley Phannaceutical Group, data on file). We 
found no abnonnality in senim liver fimction tests, change in 
senim Ig levels, or evidence for other clinically significant 
toxicities in humans injected with any dose level of CPG 7909 
thiough either the SC or IV route. These results suggest that 
the toxicities reported in rodents after the administration of 
CpCi ODNs are unlikely to occur in humans or non-human 
primates, presumably because of the species-specific differ- 
ences in TLR9 expression. Likewise, therapeutic stimulation 
of TLR9 in humans may be much belter tolerated than 
stimulation of other TLRs that are expressed on a broader 
range of immune cells. 

TLR9 stimulation with CpG ODNs induces counter- 
regulatoiy mechanisms such as downregulation of IRAK that 
result in a transient decrease in responsiveness at the cellu- 
lar level.-^^ However,jio CpG-induced tolerance or tachyphy^ 
laxis has been detectable in vivo in rodents^-^ (Waldschmidt 
T, ICrieg AM, unpublished results). Our present results show 
also in humans that a second low-dose SC injection of 
CPG 7909 leads to a similar pattern and degree of innate 
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imimuie activation compared with that seen after an initial 
injection. 

Humans have a tremendous degree of interindividual 
variability in the degree of innate immune activation to endo- 
toxin exposure. Although the numbers of humans exposed to 
SC CPG 7909 in our trial was small, we found no evidence for 
major polymorphisms in the response to TLR9 stimulation. 
Every subject injected SC with CPG 7909 showed an increase 
in serum IP-10, even at the lowest dose level of 0.0025 mg/kg. 
As for individual bioassays, there were interindividual dif- 
ferences in the magnitude of the serum increases in IP- 10 and 
in the otlter tested phanTiacodynamic markei-s. These re- 
sponses showed a clear dose-dependent pattem, with overlap 
in the level of peak responses between adjacent dose groups. 
Our results are consistent with the finding of limited poly- 
morphisms in the TLR9 gene, none of which are known to 
have functional consequences."^** 

IFN-ot improves the development of T-cell memory and 
enhances cross-priming, thereby triggering strong adaptive 
Tnl T-cell responses.-^'^""''' The therapeutic potential of these 
Th 1 responses is indicated by the successAil use of recom- 
binant IFN-ct for vaccination and in the immunolherapy of 
chronic hepatitis C infection as well as certain cancers. We 
hypothesize that triggering endogenous production of multiple 
IFN-a isoforms as well as other type I IFNs through deliberate 
in vivo activation of the TLR9 pathway could be of con- 
siderable value for immunotherapy and vaccination. CPG 
7909-induced expression of tlie ftill range of endogenous type 
1 IFN genes may be better tolerated and more effective than the 
administnition of phannaco logic doses of a single isofomi of 
exogenous IFN, which may have more restricted immune 
effects.'*^ Moreover, aside from the induction of IFN-ot ex- 
pression, CPG 7909 could have several additional mechanisms 
of action for immunotherapy. First, the induction of expression 
of TFN-inducible genes by CPG 7909- appears to be greater 
than can be explained simply on the basis of IFN-a expres- 
sion, suggesting the existence of TLR9-induced type I IFN- 
independent pathways, possibly involving type II IFN.'" IFN- 
inducible genes such as lP-10 have anti-angiogenic activity 
and are involved in the migration of T cells into tumors and in 
the anti-tumor effect of IL-12, suggesting they could mediate 
some of the therapeutic effects of"c:PG 7909.**' A second 
potential type 1 IFN-independent therapeutic mechanism for 
CPG 7909 is the activation of immature human pDCs through 
TLR9 to mature to highly effective antigen-presenting cells 
that are capable of inducing primary CTL responses,""'*'^*' 
Finally, recent studies have shown the ability of TLR9 
stimulation to overcome the negative regulatory influence of 
Treg cells, resulting in stronger therapeutic T-cell responses or 
reactivation of anergic T cells.'*'' The current results support 
the .scientific rationale for pursuing human clinical trials of SC 
CPG 7909 for immunotherapy. 

Although recombinant IFN-a can have therapeutic 
activity in several diseases, it also has been shown to induce 
autoimmunity in some subjects.^' Cells from patients with 
systemic lupus erythematosus (SLE) have been reported to 
produce increased levels of IFN-a, and a role for IFN-a in DC 
activation and SLE pathogenesis has been suggested. ''^-''^ 
Senmi TFN.-a levels in SLE patients correlate with disease 



activity, and it has even been proposed to be a therapeutic 
target. Based on these data, the possibility must be 
considered that induction of endogenous iFN-ot production 
through TLR9 could promote the development of autoimmu- 
nity. We found no increase in autoantibody levels in our 
subjects injected with CPG 7909, and no evidence of auto- 
immune disease. This good safety profile is consistent with 
studies showing that the autoimmune induction through TLR9 
appears to require immune complexes^'^*^' and does not occur 
after the injection of naked DNA.^^ Of course, we camiot 
exclude the possibility that long-term systemic therapy with 
CpG ODN could induce SLE or other autoimnnune diseases in 
siisceptible patients. 

The data from these phase I studies show a surprising 
role for tlie route of administration in determining the immune 
effects of CPG 7909. In contrast to the remarkable sensitivity 
of humans to CPG 7909 administered SC, IV inftision of CPG 
7909 up to a 128-fold higher dose than the lowest immune 
stimulatpi-y SC dose caused no change in any of the measured 
immune assays or clinical parameters. Our pharmacokinetic 
studies of CPG 7909 show that as has been reported for 
antisense ODN, IV administration leads to the rapid distri- 
bution into the liver, kidney, and spleen, but SC injection is 
followed by relatively high concentrations of the ODN in the 
injection site and draining lymph nodes, which are maintained 
for at least 2 weeks (Davis H et al, in preparation).^^ We hy- 
pothesize that the serum chemokine and cytokine responses to 
CPG 7909 injection result from high ODN concentrations in 
the injection site and draining lymph nodes, which stimulate 
local or recruited pDCs and B cells. The lack of apparent 
inunune activation from IV administration indicates that the 
CpG-induced imiate immunity in humans is far less effectively 
induced by plasma ODNs or by ODNs taken up in the liver, 
spleen, or kidney. 

Chemokines are known to regulate immune cell traf- 
ficking. After SC CPG 7909 injection we have shown dramatic 
increases in the sei-um levels of several chemokines. VVe 
hypothesize that these factor are responsible for the observed 
changes in blood levels of neutrophils, lymphocytes, and 
monocytes, but further studies will be required to determine 
the precise mechanisms for these ceil shifts. Tlie rapid re- 
versibility of these changes indicates that they do not result 
from bone marrow suppression, which would be expected to 
last longer. 

Aside from pDCs, the TLR9 receptor for CPG 7909 is 
expressed on B cells, which can lead to their stimulation to 
enter the cell cycle and to secrete Tg.^''^ in fact, based on tiie 
observation that CpG ODNs can induce human memory B 
cells to differentiate into Ig-secreting cells in vitro, it has been 
proposed that polyclonal memory B-cell stimulation by CpG 
motifs could be important in maintaining serologic mem- 
^j.y 60-63 However, we found that senim Ig levels are un- 
changed after two injections of CPG 7909, showing that 
in vivo TLR9 stimulation with CPG 7909 alone at these con- 
centrations is insufficient to induce substantial changes in 
B-cell homeostasis. 

GMP production of CpG ODNs is well established and 
highly economical. ODNs are produced in bulk (Kg scale) by 
a solid phase synthesis. Stability of tlie bulk product appears to 
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be at least several years when stored frozen; other ODNs have 
been reported to be stable for at least 2 years even at room 
temperature. Aqueous solubility is excellent, and the ODNs 
are relatively nonreactive and nonpyrogenic. 

This study was performed with a single CpG ODN» but 
we and others have reported three distinct classes of CpG 
ODNs based on differences in their structures and immune 
effects.^ '^"'^' A-ciass (also called D-type) CpG ODNs induce 
the production of high levels of T,FN-a and marked NK cell 
activation, with relatively little IL-6 or B-cell stimulation.^' In 
contrast, B-class (also called K-type) CpG ODNs, as used in 
this study, induce the production of modest levels of IFN-a, 
with much weaker NK-cell activation but with profound B-cell 
aclivation.^^ C-class ODNs have intermediate immune 
effects,^'"-'^'^ None of the three ODN classes have immune 
stimulatory activity in mice genetically deficient in TLR9, 
indicating that TLR9 is required for all of their CpG-induced 
immune eftects.*^^ B-class CpG ODNs are superb vaccine 
adjuvants in mice, primates, and humans for inducing strong 
antigen-specific immune responses, but relatively little has 
been published to date on their in vivo immune effects in 
humans*-*'-^'"^'' (Cooper et al, submitted; Speiser et al, sub- 
mitted). Further studies will be required to determine the 
in vivo activity of the A- and C-classes in humans. 
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